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ondary tumors, 85 

Simscald, effect on potato soft rot in 
transit, 1117 

tomato fruit-, effect on leaf blight spray 
control, 9 

Surveys, cereal diseases (seed-borne) in 
Manitoba, 1111 
X)ea diseases in Wis., 15 
Susceptibility, grasses (forage), to smuts 
of cereals, 910 

Suture spot, peach fruit disease (new), 
cause unknown, 167 

Sweet clover, white-, Ditylenehus dipsaei 
strain on white clover, alfalfa and, 525 
Sweet potato, Fusarium wilt, on cotton and 
tobacco vs., 469 


crop rotations for, 483 
distribution, 469 
scurf, fungicidal control, 410 
Swingle, R. XJ., 1196 

Symptoms, acute vs. chronic, in virus dis- 
eases, 8 

Synergism, between toxicants, significance, 
18 

syringae (Phytomonas), 82 
tabacum (Bacterium), 3, 1109, 1120 
Taphrina deformans, on peach, early rec- 
ords in XT. S. A., 259 
Tapke, V. F., 194, 324 
taraxaci (Xanthomonas), n. sp., 961 
Taraxacum kok-saghyz, bacterial leaf spot 
(new), 959 

Tattoo-netted corky bark, citrus-, virus (?) 
origin, 862 

Taxonomy, pliytopathogenic bacterial, cul- 
ture medium aid to, 314 
Taylor, A. L., 1166 
Taylor, Carlton F., 14, 1119 
Taylor, J. W., (240) 

Technique, abnormal tissues in living pines, 
detection by dyes, 20 
anaerobic collection of x)lant fluids, 129 
bacterial identification by bacteriophage, 
1119 

chloroplast isolation, 766 
chromoprotein extraction from plastids, 
768 

culture media, agar substitute, corn-meal 
and starch mush as, 617 
for Phytomonas sepedoniea, 406 
pliytopathogenic bacterial growth in 
synthetic, 314 

for potato ring rot bacteria, 1118 
cultures, growth measurement of fungus 
colonies, reflector scale for, 619 
maintenance of bacteria and fungi in, 
330 

single-spore, for Agaricus, 530 
distribution (local) of Eibes, measuring, 
4 

ergot epidemic production, 1116 
fungicides, assay, of Bordeaux, 633 

correlation of greenhouse and labora- 
tory methods, 15 
of effectiveness, 5 
of eradicant action, 1194 
laboratory-greenhouse method, 19 
slide-germination method for pro- 
tectants, 627 

coverage, determination technique, 1114 
field testing on apple, 13 
particle size determination, 8 
retention and protective value deter- 
mination, 899 

fungus growth measurement, reflector 
scale for, 619 

identification of: fungus spores from air- 
exposed slides, 75 

Sphaerotheca humuli var. fuliginea, 832 
inoculation, of corn ear and stalk rots, 

16 ,.; 

of Typhula, 1158 

internal therapy, for vascular diseases, 16 
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leaf area determination, on potato, 922 
on sugar beet, 1071 

plot-, for disease control tests on tine turf, 
528 

sap (plant) collection method, 129 
sx^ray equipment, efficiency of new-tyx>e, 
1114 

Vertieilliuni-free clones, establishment, 3 
virulence comparison of strains of Alter- 
naria on tomato, 698 

virus separation by contact-x>eriod effects 
in grafts, 818 

virus symptoms, localization and intensi- 
tication, 18 

virus-protein determination, colorimetric, 
8 

wetting agent effects on organic soil-ster- 
ilizing agents, assay, 12 
Terminalia arjuna, fungus ( ?) leaf spot of, 
404 

Terminology, fungicidal, definitions, 624 
Tetrachloro-para-benzoquinone (see Sper- 
gon) 

Tetra-methyl-thiuram-disulphide (see Jap- 
Beetle Spray; Thiosan 
Thatcher, B. S., 14 
Thea sinensis, Sphaceloma on, 1 
Thelephora sp., cordwood decay by, chemi- 
cal and calorific study, 46 
Therax)3q internal chemical, for vascular dis- 
eases, 16 

Thiamin, effect on rust fungi, 724 
Thiosan, corn seed treatment by, 602 
seed-protectant value, 9 
sweet potato scurf control by, 410 
as vegetable seed protectant, 14 
Thomas, Harold E., (933) 

Thomas, H. Earl, (933) 

Thomas, H. Eex, 114, 729, (797), (1176) 
Thomas, John E., 1119 
Thomas, E. 0., 1119 
Thomas, W. D., Jr., 144 
Thrips, as vector of x^ineajDxfie yellow sj)ot, 
wind role, 410 

Thuja XDlicata, heartwood extract, effect on 
wood-destroying fungi, 517 
orieiitalis, Gercospora blight, 1117 
Thurston, H. W., 56 
Tilpord, P. E., (1196) 

Tilletia levis, on wheat, x)hotox)eriodism ef- 
fects on, 240 

tritici, dwarf -bunt race, chlamydospore 
germination, significance, 732 
on wheat, photoperiodism eff‘eets, 240 
Timber (see Wood) 

Tip) blight, p)ine Dip)lodia, 1018 
Tip burn, guttation-fluid role, 1110 
Titaeosp)ora andropogonis, on Johnson 
grass, 220 

Tobacco, aiithracnose in pliant beds, 15 
burley, plantago virus outbreak in, 210 
Gercospora leaf spot, environal relations, 

,■•355 ■ , 

resistance to, real vs. apparent, 358 
cur 13^ top), immunity acquirement, mecha- 
nism, 598 '"t- 

inoculation site effects, 10, 586 


downy mildew, distribution and tax- 
onomy, 101 

etch, hosts (exp).), 1114 
on Phy^salis subglabra ta, 1114 
Eusarium wilt, on cotton and sweet po- 
tato vs., 469 
crop rotations for, 483 
distribution, 469 

Granville wilt, control by urea in soil, 11 
p)attern of occurrence in successive 
plantings, 1076 

leaf -spot bacteria, niultip)lication on roots 
of other spp., 3, 1120 
mosaic, klendusity to, in Ghilean tomato 
and hybrids, 19, 691 
N and N' factors in relation to, 14 
resistant genotypes, 300 
tomato derivatives escaping, 19 
virus, cyanide effects on synthesis, 77 
origin and relationships, 219 
sensitivity to inactivators, 675 
virus-1, acute and chronic pshases and 
factors influencing, 1052 
virus-protein, colorimetric determina- 
tion, 8 

pathogenicity of miscellaneous bacteria 
vs. Bacterium tabaeuin to, 1109 
ring spot, reactions of resistant tobaccos 
to, 565 

virus, cyanide effects on synthesis, 77 
sensitivity to inactivators, 675 
Turkish, virus passage from cion to stock 
in, contact p3eriod effects on yellow 
vs. mosaic’^ type viruses, 818 
viruses, acute vs. chronic symptoms by, 8 
virus-strain reactions of resistant, 551 
3"ellow mosaic, acute and chronic p)hases 
and factors influencing, 1045 
tolaasi (Phytomonas), 1093 
Tomato, Alternaria early blight, ^^p^hysio- 
logicaP’ maturity vs., 1 
seed treatments for, 797 
in seedlings, culture p)ractiees influenc- 
ing, 1176 

sporulating non-chromogenic strain 
from, 729 

virulence of strains, comparison tech- 
nique, 698 

anthracnose, control, by Fermate vs. cop- 
per fungicides, 1120 

bacterial wilt, nitrogen utilization by 
pathogen, 14 

broom-rape p)arasitizing, 257 
curly top via tobacco cions on, reactions 
to, 597 

Pusarium wilt, pathogenesis, toxin role, 
4, 126 , nil 

toxic effects of extracts of mild vs. 

virulent strains, 1004 
toxins in polants with, 4 
virulence variations and host reactions, 
175 

leaf blights, sprray control, factors in- 
fluencing, 9 

plantago virus (exp.) in, 216 
^^red ring^^ of stems, insect-induced, 613 
root knot on, treatment for greenhouse 
control, 6 
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seed protectants for, 14 
tobacco mosaic klendnsity (heritable) in 
Chilean tomato and hybrids with, 691 
vascular wilt, Pusarium retusum (new) 
causing, 956 

Toxicants, in crop residues, role of micro- 
organisms in, 1111 

synergism and antagonism between, sig- 
nificance, 18 

Toxins,^’ in tomato Pusarium wilt, 4, 
126, 1004, nil 
virus vs. fungus, 20 

Trametes spp., as influenced by heartwood 
extracts of western red cedar, 518 
serialis, black cherry rot due to, general 
study, 984 

suaveolens, sporophores, environal effects 
on morphology, 328 

Tranzschelia pruni-spinosae, on peach, con- 
trol by Permate, 962 
Trees, forest-, diseases, book review, 338 
seeds, book review, 338 
fruit-, Armillaria root rot in eastern U. 
S. A., 812 

fungicides on, field testing technique, 
13 . ^ 

nursery-, root rot and control in de- 
ciduous, 656 

Trichotheeium arrhenopum n. sp., Pythium 
oospores parasitized by, 232 
Trifolium repens, Ditylenchus dipsaci strain 
on alfalfa, sweet clover and, 525 
as influenced by rust and sulphur, 401 
Trioxymethane, fungicidal action of vapor, 
445 

Triticuni timopheevi, stem rust on, 335 
Tropical Plant Research Poundation, 
dissolution, announcement, 1107 
Truffle disease, of mushrooms, control by 


earyophylinus, on carnation, eradieant 
action of fungicides on leaves, 1191 ^ 
phaseoli, fungicidal action on, factors in^ 
1147 

trifolii, effects of sulphur and, on white 
clover composition, 401 
Hstilago spp., of barley loose smuts, oeeiir- 
rence, identification and species valid- 
ity, 194 

avenae, on oats, seed treatments for, 1064 
physiologic races, exptl., 14 
crameri, cytology, life history and host 
relations, 1122 

hordei, on barley, seed treatments for^ 
1064 

levis, on oats, seed treatments for, 1064 
physiologic races, expth, 14 ^ 
medians, taxonomic status, 206 
nigra, amplified description, 206 

on barley, physiologic races, f requeney 
and distribution, 324 
distribution, 206 

striaeformis, chlamydospore germination^ 
temp, effects, 1055 

isolation and culture from bluegrass, 
1116 

on Kentucky bluegrass, host develop- 
ment vs. temp., 1055 
f. agrostidis, chlamydospore germina- 
tion, 707 
culture, 7, 707 

f. poae-pratensis, chlamydospore ger- 
mination, temp, effects, ^ 7 
zeae, chlamydospores, heritable abnor- 
mality in, 749 

promycelium lysis inherited, 751 
white mutant character, inheritance, 
943 

Utter, L. Gorlon, 14 




ammonia, 13 

Trypsin, effect on viruses of plants, 675 
Tulip tree, root rot in nursery, causes and 
control, 656 

tumefaeiens (Bacterium), 8 
(Phytomonas), 85, 1119 
Tumors, invading plant-, factors influenc- 
ing, 8 

malignancy in animal- vs. plant-, 98 
plant-, chemical influences resembling, 
1119 

Turf, fine-, disease control tests on, plot 
technique, 528 

Typhula sp., snowmold of pasture grasses 
due to, hosts and general study, 1157 

Ultra-viruses (see Tiruses) 

Uncinula necator, on grape, copper fungi- 
cides for, control vs. spray injury, 13 
Union of American Biological Societies, 
committee report on, 419 
Urea, tobacco Granville wilt control by, 11 
Uroeystis spp., from cereals, grass (forage) 
susceptibility to, 910 
agropyri, physiologic races, 919 
tritiei, origin, 920 

physiologic races vs. wheat vars., 169 
Uromyees betae, on beet, temp, relations 
and distribution, 10 


Valleau, W. H., (3), 14, 210, 1120 
Variegations (plant) (see also Viruses)^ 
citrus infectious, crinkle leaf association, 
860 

cytology and histology, 641 
mosaic-like, in snap beans, 779 
origin and relation to virus infections, 
637 

sexual inheritance, 650 
symptoms, 640 

Vaughan, Edward K., 14, (797) 

Vectors, insect- (see Insects as vectors) 
Vegetables, boron deficiency in, 940 
Pythium myriotylum soft rot, 261 
seed protectants for, new organics, 14 
seed treatments for, report of Coordina- 
ation of Research Committee, 423 
Veiituria inaequalis, on apple, control, era- 
dicant action of fungicides on 
leaves, 1192 

by eradieant vs. protective sprays, 
6 

- by eradieant sprays, cationic 
phenyl Hg compounds as, 1114 
by Eermate, 5 

fungicidal, particle size vs., 533 
spray effects on tree growth and 
yield, 56 
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sulphur coverage vs., 1119 
water-soluble fungicide for, 1097 
eonidia, preservation of viability by 
quick freezing and storage, 612 
mutant characters, genetic studies, 11, 
19 

XDathogenicity, inheritance, 19 
Yerticillium spp., clones free of, establish- 
ment, 3 

internal therapy against, 16 
toxins of, virus compared, 20 
Yiability, of fungi and spores, preservation 
by quick freezing and storage, 612 
AYolet, Sphaceloma scab, new records and 
hosts, 168 
Yirgin, W. J., 743 

Yirulence, of Alternaria strains on tomato, 
comparison technique, 698 
Yiruses (iDlant — special and general data; 
see also Variegations ) 
behavior in resistant hosts, 311 
classification and nomenclature, commit- 
tee report, 424 

disease symptoms, acute vs. chronic, 8 
genetics of expression, 16 
masking by temp, in cherry yellows, 
1213 

techniques for localizing and intensify- 
ing, 18 

evolution, from chondriome (?), 20 
from mitochondria and derivatives, 
chemical evidence, 766 
cytological and genetical evidence, 
637 

immunity acquirement in tobacco, mecha- 
nism, 598 

nature and biological activity, 950 
pathological growth and symptoms due 
to, chemical influences, resembling, 1119 
recovery from infection in sugar cane 
mosaic, 713 

sensitivity to inactivators, 674 
separation by contact-period effects in 
grafts, 818 

severity of attack, inoculation site ef- 
fects, 10, 586 
toxins of fungi vs., 20 
vector specificity for vars. of potato yel- 
low dwarf, 17, 1110 
yellow^’ vs. mosaic "types, passage 
from cion to stock in Turkish tobacco, 
contact period effects, 818 
Viruses (by plant hosts; for details see 
under hosts and specific diseases) 
aster, yellows, 2, 741 
potato infection, 16 
bean, mosaic, 778 
mosaic (new), 1215 
new disease (?), 743 
virus-4, 16 

carnation, mosaic, 823 
cherry, 6 
rasp leaf, 620 
yellows, 6, 449, 1213 
citi'us, bark disorders (f), 860 
convex gum, 394 
psorosis, 865 
varieties of, 837 


cranberry, false blossom, 19 
cucumber, mosaic, 675, 818 
virus-1, 565 
elm, mosaic, 1196 
fig, mosaic (?), 719 
peach, yellow-red, 18, 20 
pineapple, yellow spot, 408 
plantago, mosaic, 564 
in tobacco, 210 
potato, 19 

I)urple-top wilt, aster yellows causing, 
16 

ring spot, 675 
X-mosaic, 1116, 1216 
yellow dwarf, 363, 1110 
on Nicotiana rustica, 1121 
raspberry, decline, 156 
sugar beet, curly top, 10, 586, 818 
sugar cane, mosaic, 3, 713 
tobacco, 8, 551 

curly top on, 10, 586 
etch, hosts (exp.), 1114 
mosaic, 8, 14, 77, 219, 300, 675, 691 
on tomato, 19 
ring spot, 77, 675 
Nicotiana virus-1, 1045 
and mutants, 551 
yellow mosaic, 1045 
tomato, ring spot, 818 
tobacco mosaic on, 19 
Vitamins, effect on rust fungi, 724 

Walker, E. A., 15 
Walker, J. C., 778 
Wallace, H. A. H., 4, (1064) 

Wallace, J. M., (865) 

Wallace, Philip P., (1121) 

Walnut, black- (see Juglans nigra) 

Wakg, C. S., 1122 

War Committee, of American Phytopahto- 
logical Society, reports, 339, 424, 747 
Washingtonia filifera, bacterial leaf dis- 
ease (new), 1201 

washingtoniae (Phytomonas), n. sp., 1203 
Water-core, in rutabaga, control by borax 
in soil vs. spray, 8 
Waterman, Alma M., 828, 1018 
Watermelon, preemergence damping-off, 
measure of, seedling germination rate/ 
fungus growth rate as, 7 
Watson, R. P., 1120 
Weaver, L. O., (5), 15, (612) 

Weber, George P., 615 
Weeds, tobacco leaf-spot bacteria on roots 
of, 1120 

Weimer, j. L., 249, 319 
Weiss, James E., (314) 

Wellman, Frederick L., 175, 617, 698, 
956, 1004 

Wellman, R. H., 15, (19) 

Wernham, C. C., 1157 
Wetting agents, effect on organic soil-steril- 
izing agents, assay, 12 
Wheat, Alternaria on seeds, storage temp, 
effects, 333 

‘‘black point, ’ distribution, etiology and 
control, 1112 

bunt, copper fungicides for, early use in 
U. S. A., 258 
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XDhotoperiodism effects on, 240 
seed treatment by Spergon, 332 
dwarf bunt, clilamydospore germination, 
732 

Helmintliosporium sativum on seed, in 
Canada, 4 

kernel smudge, varietal reactions to, 4 
loose smut, physiologic races, 169 
powdery mildew, on grass spp., 5 
PytMum ostraeoides (new) on roots, 275 
seed-borne diseases, seed treatments for, 
1064 

smut, copper fungicides for, early use in 
IT. S. A., 258 

stem rust, browning reaction, host vars. 
and rust traces vs,, 484 
population trends (XJ. S. A., 1930--41), 
884 

reactions as influenced by vitamins and 
growth substances, 724 
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wind role, 12 
resistance mechanism, 14 
testing for resistance, technique, 897 
on Triticum timopheevi, 335 
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baccos to, 563 

Wilcox, Marguerite S., (986) 
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Wilson, J. D., 1120 
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flax-, 1113 
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tobacco Sranville bacterial-, 11, 1076 
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tomato Eusarium, 4, 126, 175, 1004, 1111 
tomato Eusarium (new), 956 
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fections following, 963 
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45 
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^ wood extracts of western red cedar, 517 
living, abnormal tissues in, detection by 
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ABSTRACTS OF PAPERS ACCEPTED FOR PRESENTATION AT 
THE THIRTY^FOIJRTH ANNUAL MEETING OF THE SO- 
CIETY, NEW YORK, N. Y, DECEMBER 28 TO 31, 1942^ 

Plants Attaclced 'hy Species of Sphaceloma in Louisiana. Aeeuda, S. 0., and C. W. 
Edgerton. Following observations made by A. A. Bitaiicourt of Brazil during a visit to 
Louisiana in 1941, attention was directed to the hosts and species of Sphaceloma in the 
state. Sphacelomas \vaYQ been collected and cultured from Camellia japonica, Camellia 
sansa7iqu,a, Thea sinensis, Punica gvanatwm, Bignonia capriolata, Catalpa hignoniodes, 
and Samhumis canadensis. Some of the cultures were similar but some were distinct. 
One culture of the fungus from Camellia, apparently the cause of a white scab that has 
been observed in Louisiana for many years, seems unlike an}^ described form. Ascomata 
of the Elsinoe stage did not occur during the summer months but some were beginning to 
be found during October. 

Investigations in the Pelationship Betiveen Alt ernaria Blight and ^ ^ Physiological” 
Maturity m the Tomato Plant. Barratt, E. W., and M. C. Eichards. Some of the fac- 
tors affecting ^ ^ physiological ’ ’ maturity in the tomato were investigated in the field and 
greenhouse. The following factors were considered : Fruit to leaf ratio ; planting date ; 
supply of nitrogen j phosphorus and potassium as fertilizers ; spraying with Bordeaux 
mixture ; and total yields. Yield data were obtained on each of 10 plants from 50 varie- 
ties. The incidence of disease solani) was recorded weekly. Tests were 

made in the greenhouse on an early and a lat^ variety to determine the effect of fruit load 
and nitrogenous fertilizers on disease incidence. It was found that those factors delaying 
^ ^ physiologicaP ’ maturity — defruiting and late planting — retarded defoliation by Alter- 
naria. Those factors that accelerated ^ ‘ physiologicaP ^ maturity — early planting and 
partial deleafing — ^liasteiied defoliation. In the species L. esculentum, L. pimpinellifolium, 
L. hirsutum, and L. peruviamm, and in 45 commercial types, defoliation increased as the 
fruit-to-leaf ratio increased, and as the peak yield occurred earlier in the season. In 1941, 
certain lines were chosen from breeding material for disease resistance to Alternaria 
blight ; when these selections were grown in 1942, it was found that they were not disease 
resistant but merely later maturing varieties. * 

Boron in Belation to Internal Baric Necrosis of Apple. Berg, Anthony, and Gene- 
vieve Clulo. The results of 3 seasons^ experiments in the orchard have shown no direct 
relationship between boron content of apple tissues and the occurrence of internal bark 
necrosis. The boron content of leaves, bark, wood, and fruits from diseased trees was as 
high as that from disease-free trees. Heavy applications of boron were made in the spring 
to the soil surrounding diseased trees. Analyses of the tissues of these trees during the 
same growing season showed that coniderable quantities of boron had been accumulated 
by all tissues. Yet, at the end of the growing season, the disease developed on the new 
growth of some of these trees. A 2-year study of the tissues of 14 varieties of apples 
from a given orchard showed no significant difference in the boron content of susceptible 
and immune varieties. Trees grown in sand culture in the greenhouse for 4 successive 
seasons without boron did not develop the disease, while potted trees grown in the same 
greenhouse in soil taken from affected orchards developed the disease at the end of the 
first growing season. 

Scab of Mango Caused hy Elsinoe. Bitancourt, A. A. and Anna E. Jenkins. Dis- 
eases caused by Elsinoe are now known to affect more than ten important tropical fruits. 
Among them is the mango (Mangifera indica L.), on which is produced numerous small 
leaf, stem, and fruit spots. Severe attacks under nursery conditions at Santiago de las 
Vegas, Cuba, resulted in crinkling, as well as shedding of young leaves. On this young 
growth, spots are pale to brown and are covered with a delicate buff down, the conidial 
stage of the pathogen. This is morphologically similar to E. fawcetti. The somewhat 
larger scabs on older mango leaves are gi’ay above, surrounded by a dark marginal line. 
On them are produced the small, nearly black ascomata of the Elsinoe. At Sao Paulo, 
Brazil, spots are chiefly epiphyllous, circular, to elongate or irregular, and gray at the 
center, with a dark periphery. They follow the midrib or are disposed more or less close 
to it. At Manaos, in the state of Amazonas, Brazil, and also in Puerto Eico, Florida and 
Canal Zone svmptoms resemble those just described for both Cuba and Sao Paulo. The 
Elsinoe is described as a new species. Isolations consist of a single conidium culture from 

a Cuban specimen and a tissue culture from Sao Paulo. 

1 Meeting was canceled on action of A. P. S. Council. 
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Some Properties of Aster-Yelloivs Virus. Black, L. M. Properties of aster-Tcllows 
virus were studied in juice of viruliferous insects {Maorosteles divisus (Lhl.)) nfUu* dilu- 
tion to 10-^-^ in 0.85 per cent NaCl solution brought to pH 7.0 hv addition of KdlPC),. 
Active virus was detected after 24, but not 48, hours at 0“ C. ; after 2, but not 3, hours 
at 25° C.; after 10 minutes at 35'=’ 0.; but after 10 minutes at 40° _C. no virus could be 
detected in one experiment and only a trace in a second. In prcdhnmary ex})eri}nenbs, 
active viinis remained after treatment, for less than 5 minutes, at pH o.O or 0.0. A irus 
passed with difficulty through Berkefeld N and V filters that retained Srrratia mam m n,s 
Bizio but did not prevent passage of a bacterium which was apparently a, normal con- 
taminant of the preparations. Solutions that were spun for 1 minute at a top spee<l of 
500 r.p.m. (plus 8 minutes^ acceleration and 8 minutes’ deceleration) yielded sediments 
which, when resuspended in the original volume of saline, were highly acthau The supiu*- 
natant fluids were inactive. The results from filtration and ultracentrifugation suggest 
that activity is associated with a particle that is of large size relative to plant viruses 
heretofore studied. 

Influence of Boron Status on Cold-storage Behavior of Apple Fruits. Burrell, A. B. 
Small lots of McIntosh or Pameuse apples in contrasting boron status have been stortMl 
6 different years. The first 4 years, no boron treatments had been made; the com])ariHon 
was between crops of trees where boron deficiency symptoms were present in part of the 
fruits and crops free from such symptoms. In 3 of the years, no difference in storage 
behavior was noted, while in 1 there was more flesh browning during storage in fruits 
from boron-deficient trees. The last 2 years, apples from trees receiving boron wan*e com- 
pared with those from nontreated trees very slightly deficient in boron. In one test with 
Pameuse, storage breakdown near the core was -worse in fruits from nontreated trees. 
With McIntosh, application of about 5 times the usual amount of boron appeared to have 
slightly increased storage breakdown. Otherwise, treated and nontreated behaved simi- 
larly. Never was there a difference in fungous decay. Six rather heavy annual applica- 
tions of boron appeared, in 1942, to have advanced maturity and increased drop of Mc- 
Intosh, where nontreated trees had adequate boron. If, as some reports indicate, excessive 
boron should reduce storage life of apples, perhaps very light annual soil applications 
would be preferable to the usual triennial ones. 

A Six-year Comparison of Lime-Sulphur and Flotation Sulphur as to Yield and 
Growth of Young MoIntoSh Apple Trees. Burrell, A. B. This experiment was con- 
ducted in the relatively cool, dry climate of the Champlain Valley of New York, which is 
not especially conducive to spray injury. Trees, 10 years old at the outset in 1937, 
moderate in vigor and just commencing to bear, were given 4 treatments: (A) lime- 
sulphur 2-100 all season’; (B) ferrox flotation sulphur all season, (0) lime-sulphur early 
(usually 2 applications) followed by flotation sulpliur (usually 3 applications), and (I>) 
flotation sulphur early follo-vmd by lime-sulphur. Lead arsenate, nsually 3 lb. per 100 
gal., was included in all applications, and in some, an equal amount of hydrated spray 
lime. Each treatment was applied to 16 individual-tree replicates arranged in four, 4x4 
Latin squares. The treatment for a given tree was the same throughout the 6-year period. 
Compared with treatment B (flotation sulphur all season), treatment A (lime-sulphur all 
season) reduced yield by about one third; treatment B (lime-sulphur late) reduced it 
slightly less; treatment C (lime-sulphur early) perhaps still less. The spread between 
the respective treatments was greatest in 1942. The percentage of blemish-free fruits 
differed little among treatments for the period as a whole. Terminal elongation and 
trunk enlargement were uninfluenced. 

The Perfect Stage of Collet otrichum falcaUmn. Carvajal, F., and C. W. Edgerton. 
During 1942, a fungus belonging to the genus Physalospora was found very abundant on 
old dead leaves and leaf sheaths of sugar cane in Louisiana. The peritlukia are ineon- 
spieuons, entirely embedded in the leaf tissue. In inoculation experiments involving 
cultures obtained from single ascospores, typical red rot lesions with conidia charaeteristie 
of Collet otrichum faloatum Went were obtained. The perithecia were produced also by 
inoculating sterilized leaves in moist chamber with pure cultures of C. falcatum and by 
placing leaves inoculated in the field in moist chambers. The perithecia fit closely the 
description of Physalospora tucumanensis Speg. Material of P. tueimanensis kindly sent 
by Juan C. Lindquist of the Institute de Botanica ^ ^ Spegazzini, ” La Plata, and labeled 
^^No. 418, separado del tipo,” though dated after the original descrii^tion of the fungus, 
agreed reasonably well with the Louisiana material, except that the perithecia seemed 
to he slightly larger. Tentatively, the Louisiana fungus is being considered as Physalo- 
spora tueimanensis Bpeg. 

Certain Organic Materials in Belation to Copper Compounds for the Control of Downy 
Mildew of Lima Beans. Cunningham, PI. S. The 1942 season witnessed the most 
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widesjjread and severe infestation of downy mildew of Lima beans that Long Island 
growers liave experienced for several years. Under such conditions certain organic mate- 
rials now on the market showed little promise of becoming reliable substitutes for copper 
for the control of this disease. Using data based on the number of clean pods per acre 
the organics were little better than no treatment and far inferior to most copper com- 
pounds. No treatment used was so effective as Bordeaux mixture. 

The Hole of Soil Moisture in ^Relation to Chemical Seed Treatment of Lima Leans, 
Cunningham, H. S. Under Long Island conditions and with the Pordhook variety, chemi- 
cal seed treatment has failed to hasten the emergence of Lima beans, wdiile at best the 
results have been erratic in so far as improvement of stand is concerned. Experiments 
have shown that soil moisture at x^lanting time may be the most important factor assuring 
that quick emergence so necessary in combating injury caused by wireworm and seed corn 
maggot. The addition of as little as 200 gal. of water per acre at planting time has 
hastened emergence and the final stand has compared favorably with any of the chemical 
treatments used at present. 

Multiplication of Tobacco Leaf -spot Bacteria on Boots of Other Species. Biachum, 
Stephen, W. I ). Valleau, and E. M. Johnson. Boots of seedlings of several unrelated 
species of plants were dipped in a 1-1000 dilution of a broth culture of Bacterium ta- 
baciim, and the plants were potted in sterile soil. Ten plants of each species were removed 
from the soil immediately. The roots were washed in running tap water, crushed in water, 
and poured on Avater-soaked tobacco leaves. Yery few, if any, wildfire spots developed on 
the leaves. The roots of 10 plants of each species were then tested in 24 hours, and another 
set 96 hours after they had been dipped in the bacterial suspension. In each case large 
numbers of wildfire spots developed on the leaves, showing that the tobacco leaf -spot bac- 
teria multiply rapidly on the roots of plants, including wheat, oats, barley, rye, cowpeas, 
soybeans, castor beans, alfalfa, vetch, and crimson clover. 

A Method of EstahUshing Verticillimn-free Clones of Berennial Blants. Bimock, A. 
W. Based on the assumption that invasion of the shoots of verticillium-infected plants 
occurs only by growth of hyphae upward through vascular tissues, the following method 
of obtaining verticillium-free propagating material from infected chrysanthemum stock 
plants was devised. Shoots 4 to 6 inches long were taken from the stock plants. Slices 
were cut from the base of each shoot and plated out on potato-dextrose agar. The Petri 
plates and the shoots were labelled similarly and the latter placed in cold storage. Ten 
to 20 days later the plates were examined and shoots yielding Yerticillium were discarded. 
Cuttings were made from the remaining, presumably healthy, shoots, rooted in sterilized 
sand and grown in sterilized soil and containers. Further cuttings were taken in the usual 
manner (without culturing) from the resulting plants as rapidly as new shoot growth de- 
veloped. Yertieillium-free clones of propagating stock, thus obtained, could be main- 
tained indefinitely if grown continuously in verticillium-free substrates. The method is 
at jiresent being used very successfully by a large producer of chrysanthemum cuttings, 
and may w^ell be adapted to the production of verticillium-free clones of such plants as 
phlox, fall monkshood, hardy asters, ornamental shrubs, bush fruits, etc. 

Variation in Single Basidiospore Cultures of Bhizoctonia solani. Exner, Beatrice, 
AND B. J. P. Chilton. A total of 395 single basidiospore cultures of Bhizoctonia solani 
isolated from basidial mats formed on Lima bean, Irish potato, and alligator weed stems 
were compared in culture. As many as 29 distinct cultural types differing in rate of 
growth, color, size and position of sclerotia, and zonation were found to occur among the 
isolates from a single basidial mat. These results suggest that some type of segregation 
occurs in the formation of basidiospores. 

Internal Breakdown of Sugar Cane Associated with Mosaic. Forbes, I. L., and Jean 
Buprenoy. a disease of sugar cane characterized by the breaking down and collapse of 
the central pith cells in rather definite elongate areas in the internodes was observed in 
the variety C.P. 33/243 in 1941. The necrotic areas were distributed in various inter- 
nodes from the base to the top of the stalk but usually did not occur in all internodes. 
Noticing that these areas were in mosaic-infected stalks, many stalks were examined. In 
1941, of 22 stalks with mosaic, all showed internal breakdown, while none was present in 
more than 200 stalks of mosaic-free cane. In 1942, of 64 stalks with mosaic, all showed 
internal breakdown, while 2 out of 39 of apparently mosaic-free stalks each showed a very 
small lesion. These small lesions, however, begin to show as soon as do the symptoms of 
mosaic on the leaves. It is apparent that the internal breakdown is a symptom of mosaic 
in this variety. Free-hand sections through lesions show that the vaeular contents (mostly 
phenol compounds) leak out into the intercellular spaces. These, as well as the cell walls, 
stain a deep red with chlorhydrie phloroglucin. The material left in the cells flocculates 
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into a brown sediment and settles to the bottom of the cells. Intermi 
observed in the past in other varieties. 


‘a k down has 


Measuring the Local msirihution of PRArivEK, S li vxi> R \ T.m 

methods of checking field work on tlu* }>iisb‘r-nist rontmi un.j.na at 
several locations m Idaho, Washington, and California, it was found that A/h.x r/sroV/vW 
mum and were distributed as if a ‘‘contagions” distribution woiv su|.orinnioV«Ml 

on a landom Poisson distribution in the proportion of about two t(» oin^. Tln^ tonn 
mixed distribution is proposed for this condition. Tlie mean numluu' <^f ribos imm- inn 
quadrats and hhe p of quadrats occupied proved moiv nsidhil imaisuros of , ! 

type of distribution than did the mean ribes population pt*r a('re. Diviu’m'une froin 
random distribution could be successfully and convenientlv measu vd Jfhnr I i- • • ' 

LZrfz "" the ncndib.::;,^iir;s 

be expected in the ease of a strietlr random distril.iition in Hiiicli , . 
observed peieentage of quadrats were occupied. Analysis of the variance liotwi-mi <li(r,.,- 
ent species or areas can be handled by employing either a PoLo , s ' nm, bf ^ 
probit-logarithmic transformation, both of which are described. ' ^ ‘ 

w Tomato Plants Affected with Pusariul init tun-n ri.-u 
fluids obtained by the centrifuge method fioiu tomato nl-infs iobbo i 
With Fusarium hulhigen'um var. h/copersid contain toxins tint 4 . 

seedlings. Three-week-old seedlings wilted Xn buced "b trail ea u , ^' ''t »"■■'«*'> 

plants but remained turgid when placed in similar fluids froni health v idanl 
experiments indicate that wilting is due to toxins and lot to obnmHf InlsX T ! t ■” 


Minnesota.) 



and Famgerncity of CnomeriiU^^^^ Govin C T 
nidial stage and a basidiospore stap-e ^ pathogen, the glomerularia eo- 

£eC s” s??"? rcj'sr-is£r“"?'' '=r 

tures of 15 to 21= a rSe hmXLb Infection was favored by t.anpe.ai- 

the lower surfaces. Symptoms developed withii lO^to^XlVrdblmwr'''® i-xpo.sure of 

conditions. Tests showed that many XfiS and varieHe.f’M- ^ "" environmental 

One variety has been found that is aplmibntly 

1L^j!TuaZ"^k ‘St, ® '■« 

number of samples of wheat and ba'rlev and plating tests made witli a large 

Canada from 1937 to 1941 showed that nmouf'fh^ produced in different Provinces of 
thosporium sativum was the predominnti'Tio- numeToiis organisms isolated, Jfelmin- 

infected with this fof llrflTwheXsaS^^ iTn Percentage of seeds 

cent and 5.5 per cent, resnectivelv TuXb, ® *^nrley samples, was 2 (i iier 

from year to^ear, frlT ProTS; t^pX "feetren with H. sativmn varied ’ v 

average percentage of wheat and bailey seTds intarterbv p 

1937 crop was 5.3 per cent and 9 8 pe/eent S. sativum in samples from the 

were only 1.1 per cent and 4.9 pw cLt sXX ofTf ’ tbe percentages for 1939 

and 1941 crops from the Maritime PioviuTtwb o ' ‘ 1940- 

respectively; while the 1939 19 ^ and 1941 cent and 21.6 per cent infection', 

0.5 per cent infection In’ Sobf marlT^fe 1“® than 
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smudge caused by species of Alternaria and Selminthosporium sativim in trials at several 
stations in Western Canada from 1935 to 1942. Of the varieties tested, those belonging 
to Tritictim durum were more susceptible to kernel smudge than those of T.mdgare. The 
varieties of hard red spring wheat tested, ranked in order of susceptibility to kernel 
smudge as follows : Apex, Thatcher, Marquis, Red Bobs, Renown, Regent and Garnet. In 
all tests, Apex and Thatcher were more susceptible than Renown and Regent. The results 
of extensive plating tests with a large number of grain samples of Apex, Thatcher, Re- 
nown, and Regent of the 1939, 1940, and 1941 crops showed that the varieties Apex and 
Thatcher were more susceptible to internal seed infection by Alternaria spp. and E. sati- 
vum than Renown and Regent. In all samples tested, the percentage of kernels yielding 
these fungi w^as considerably higher than the percentage of kernels exhibiting typical ex- 
ternal symptoms of smudge. On the other hand, the degree of internal kernel infection 
was always positively associated with the incidence of kernel smudge in the threshed grain. 

Eedistrilution of 'Fungicides on Apple Foliage. Hamilton, J. M., G. L. Mack, and 
D. H. Palmiter. a new concept in evaluating fungicidal effectiveness is based upon the 
discovery that redistribution of the toxicant from the initial spray residue is an important 
factor in disease control. Experiments with sulphur and Perinate indicate that a definite 
balance between the retained and distributed portions of the original deposit is essential. 
Under controlled conditions, light rainfalls of 0.1 inch or less caused enough movement of 
toxicant on a single leaf to protect non-cover ed areas against the apple scab and cedar- 
apple rust fungi. In field experiments, the toxicant was transferred from leaf to leaf in 
sufficient quantity to give disease control with rainfalls varying in amounts from 0.1 to 
about one inch. Although it was found that 50 to 80 per cent of the initial deposit was 
removed with 0.1 inch of rain, about 10 per cent of this was transferred to unsprayed 
foliage. To obtain disease control on such unsiDrayed foliage, a minimum concentration 
of 4 to 5 lb. of actual sulphur per 100 gal., irrespective of the nature of the material, is 
required. (This concentration corresponds to a deposit of 400-500 micrograms of sulphur 
per 10 sq, cm.) Oil stickers have not been found to interfere with the transference of 
sulphur. 

Evaluation of Fermat e for the Control of Apple Scat) and Cedar-apple Fust Fungi. 
Hamilton, J. M., B. H, Palmiter, and L. O. Weaver. Three years ^ data show that 
Eermate (ferric-dimethyl-dithio-carbamate), formerly INS 70 A3, is the most promising 
substitute for sulphur and copper for the control of apple diseases in New York State. 
The material is unusually specific for Gymnosporangium sp. Eermate can replace copper 
in the cover sprays. A combination of Eermate and a wettable sulphur has possibilities. 
Lime increases the toxicity of Eermate. Eermate appears to be of nutritional value to 
the tree. Eermate may be redistributed on a given leaf and from leaf to leaf sufficiently 
to protect unprotected foliage. Eermate, li-100, is a minimum concentration to meet 
the redistribution and disease-control requirements. Eermate, sprayed on the lower sur- 
face of the leaf, prevents infection from G. juniperi-virginianiae (and to a lesser degree, 
Venturia inaequalis) on the upper surface; but, if sprayed on the upper surface, infection 
occurs on lower surface. Under certain conditions, sufficient toxicant is translocated in 
an individual growing leaf and into adjacent unsprayed leaves to give protection, but not 
to new growth. The amount of toxicant present, the hours of moisture before infection 
periods, and the degree of susceptibility (particularly as related to rainfall) are limiting 
factors. Jap Beetle Spray, a compound chemically similar to Eermate, gave comparable 
results. 

Pathogenicity of Faces of Frysiphe graminis on Grasses in the Tribe Hordeae. 
Hardison, John R. Frysiphe graminis from wheat and barley infected species of the 
genera Aegilops, Agropyron, Flymus, Sitanion, Triticum, and Agropyron^ Flymus and 
Eordeum, respectively. Erom a natural infection on Agropyron repens one isolation 
pi‘odueed infection on barley, Agropyron repens and a slight infection on A. intermedium. 
T' nildew-resistanU ^ barley variety, Arlington O.I. 702, proved very susceptible. An- 
orner isolation from the same source infected grasses in Aegilops, Agropyron, Flymus, 
Eystrix, and Sitanion. A mixed culture from Flymus dahuricus infected barley, many 
wild grasses, and wheat. An isolation from the latter infected species of Aegilops, 
Agropyron, Flymus, Eystrix, Sitanion and Triticim. Another isolation from Flymus 
dahuricus infected only species of Agropyron and Flymus. Thus, mildews from wheat, 
barley, Agropyron, and Flymus ocmr either separately or together as mixtures on certain 
species of Agropyron oad Flymus. The opportunity obtains for hybridization between 
races if such occurs in Frysiphe graminis. Wild grasses may serve as sources of primary 
infection ..nd as perennial stations for overwintering races of wheat and barley mildews. 
These data indicate that the old concept of restriction to a host genus is untenable. Like- 
wise the present nomenclature of specialized races may prove impracticable. 
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grains of Yellows Virus in Montmorency Ghcrru. HnnFKRwn !■' ^r i> 
and Cation (1942) have already indicated the preac'/ee of atnnns ot J;ern-:ve 

noYbeet dS“Cn^?fbVd^ T’"*'- 

hrduced by the nepotic rin^e?o/“^^^ 

yello^^s. The common stunting and rosette symptom resulting from hidc'iim" f, 1 
to peach IS now being designated as strain 1. A mosaic svnmto, that lev ''‘''7 

seedlings with little or no stunting of growth is desi<neite',l . 7?+!. • '"l'^ "ii peavli 
variable.numbp of leaves develp^a st?to| mosaic/^llttmn ' 

W ' V® strong contrast to the reaction iiKliiec'd bv strain I ' Bdth' vil-n ^ 
found in the same orchard and in sereral States ivliere iiie rlisjo*. 

already indicated the possibilitv exists of still other sti-',hls \vi‘' g"*' 

Tor# 77"/“^ from MicUgan, but also present in Wise n t “v"'" 

Yoik, and symptom patterns such as chlorotic mottle •ind ms h, -New 

yellows or due to distinct viruses has not been dctam inte nd, h lim^ 

Infested Tomato Soots to Oitain N'ematnih’ Pniiino » 

» -.roi. 

lulled and as the roots decayed they moved ont”into t^soif t!*“ 

In nontreated plants the nematodes remained in the livn-n^’^ *7 ^ suceeediug erop. 

with the intaef tomato root system Zs decrSisteg 

control may be obtained by removal of the inoculum, hlaxiiuum 

eratlng decay of the residual nceel- 

has bfenlSi^e^Tee^tfytnlST^^^^^ Sphacchmia 

sippi. It produces few to almost innumerable sliglSf and ilissi.s- 

the leaf. These may be scattered over the entiiKde 

midrib or in the marginal region. Spots are rircidor tf tU , ^7 ""“^wns along the 

less indefimte brown border. When^fully develoned thb-*^^f+ a more or 
mm. in diameter; although, by coalescence thev^orm dif? i ‘ ^’‘an l..i 

much as three-fourths the area of the upper leaf surfit'^ involve as 

fected, particularly along the marrin thF+Ltt .Where the leaf is severely i,,. 

leaf surfaces. Acervuli#)f the billed, appearing brown on 'both 

hand lens they appear as small superfleial bladr masses •'** *v'on through a 

.» i. i, ,1., S “S Ji” SS” n. a 

of McIntosh and other varieties was treated of bi!dWt°“ ■+? o«-i>ar<i 

gal. per acre. Various protectant spra7 nrog^anw f #7'* (ifiO 

singletree McIntosh plots repeated in Wo^et#T 7 ? replicated 

ground-treated), II (ground-treated, intermediatef^Tiid TTW^*^’ rt^niote from non- 
controllable circumstances occasioned poor timfn® of 717.“ (“on-ground-treatod). Tn- 
Situated essentially as I similar T>rn+Pf>fo>.+ timing ot certain applications. In block TV 
was very severe tMs sek^ with good timing. ^Scab^ 

aseospone inoculum by 99 per cent Oonnfl 9 ^ gi'ound treatment rediunal 

trees in I had 87 per cLt fSeaf lesteSftha/uml'nf '"^icate nonsp^T^-:.;! 
spray programs ordinarily inelnded 8 7pplLatten7 7 i® r proteet'ant 

tile lime-sulphur spray 20 davs oftpr So+o'? 4? ^ before and 5 after bloom. In I-Ul 

percentage of scabbed fruits at harLt ?alge?LrnT/^ If ground-treated I the 

(after bloom, following t riom 11 foi lime-sulphur to 19 for Kolofna* 

per cent for lime-sulphur to 77^ for Kolofog^'^Tlie^ Fr range was from 26 

ground-treated IV gave 2 per cent scabbed fruit."^''^ well-timed hme-sulphur program in 

John E. *"l’o?tegV buJhW^oTmmaflm a f- Oorticiiim solani. Kotii v 

with Bhizoetonia, was first foted a#Arlte?tou‘^Eam* Vte? .attack previously associated 

du.« onV,ij/“S, ”ix (rrs 
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the blade. The Cortieiimi stage occurring on the dorsal leaf surface adjacent to infected 
tissue has basidia, sterigmata, and basidiospores (4.82 x 8.03 to 8.03 x 12.86 p) agreeing 
with Corticium solani.^ The fungus is considered a strain pathogenic to sugar beets, dis- 
tinct from those previously reported. Sugar beet inoculations with pure cultures give i 

typical symptoms on leaves, damping-off of seedlings, but no rotting of half-grown roots. 

Basidiospore infection occurred on 60 per cent of the sugar-beet plants exposed by placing 
leaves bearing the Corticium stage on screens above them. Only 1 of 58 control plants in 
an adjacent compartment subjected to similar atmospheric conditions (relative humidity 
90 to 100 per cent, temperature 75° to 80° F.) became infected (attributed to chance air 
dissemination of a basidiospore). Early field infections on sugar beets probably come 
from the soil-borne Ehizoctonia stage, the later infections arising from basidiospores. 

Temperature as a Factor Influencing Germination of Ghlamydospores of Vstilago 
striaeformis Forma Foae-pratensis. Kreitlow, K. W. Ghlamydospores freshly removed 
from smutted plants of Foa pratensis almost invariably fail to germinate. Earlier work 
demonstrated that a prolonged after-ripening period was prerequisite to successful ger- ; 

mination of the spores. Diseased plants of Foa pratensis incubated at 32° C. for 16 
days yielded chlamydospores that germinated 50-75 per cent. Ghlamydospores removed y 

from replicates of the same plants growing at 1-5° C., 10° C., and 25° 0. failed to ger- ! , 

minate. Chlamydospores that germinated 50-90 per cent were secured from detached 
smutted leaves incubated in Petri dish moist chambers for 15 to 30 days at 35° C. 

Similar series^ of detached smutted leaves incubated at 5°, 10°, 15°, 20°, 25°, and 30° C. ‘ 

failed to provide germinable chlamydospores despite the fact that the smutted leaves were ! 

incubated more than 30 days. 


Growth of Vstilago striaeformis Forma agrostidis in Artificial Cultuure. Kreitlow, 
K. W. During the fall of 1941, 49 smutted Agrostis alba plants were collected from 12 
widely separated pastures and examined for germinable chlamydospores. Only one col- 
lection of two plants yielded fresh, germinable spores but they consistently germinated 
50-75 per cent. Single chlamydospores from this collection were germinated on potato- 
dextrose agar. None of the promycelia that developed from germinating spores formed 
sporidia. Instead, they produced lateral branches that grew and further branched until 
they formed a slow-growing colony. The cultures on agar were light buif in color and 
strictly mycelial in form. Two biotypes were differentiated on the basis of rate of growth 
among the cultures secured. Optimum growth of the cultures occurred at 25° G. 



Fatio of Velocity of Seedling Germination to Fungus Growth Bate As a Measure of 
Freemergence Bamping-of, Leach, L. D. Tests conducted in constant temperature 
chambers with uniform soil moisture show that specific damping-off organisms have dif- 
ferent temperature ranges for infection of the same host. Likewise, the same organism 
may differ as to optimum temperature ranges for infection of different crops. The rela- 
tion between temperature and the relative severity of preemergence damping-off usually 
cannot be explained adequately by either the growth rates of the organism or the seedlings. 
The ratio of the coefficient of velocity of germination of the seedlings to the growth rate 
of the organism shows a close relation to the degree of infection at that temperature. In 
general at temperatures where the germination velocity coefficient exceeds the growth rate 
of the fungus, preemergence damping-off is slight or absent. When the reverse is true, 
infection is usually severe even wdth a moderate inoculum potential. The rate of post- 
emergence damping-off also a]3pears to be influenced by this relation between seedling and 
fungus fungus growth rates. By applying this principal it has been possible to suggest 
planting dates for certain crops that avoid seedling infections by specific organisms. De- 
tailed tests have been conducted with sugar beets, spinach, and watermelons and with 
Fythium ultimum, Bhisoctonia solani, and a species of Aphanomyoes. 

Belation of Temperature and Soil Beaction to the Water Mold Seedling Fisease of 
Sugar Beets, Leach, L. D. During the past three years sugar beets in the Sacramento- 
San Joaquin delta region of California have been seriously affected by a seedling disease 
caused by a species of Aphanomyces, probably .4. cochlioides. This organism seldom 
causes pre-emergence damping-off but may infect a high percentage of the seedlings be- 
tween emergence and thinning. Dnder favorable conditions many seedlings recover. 
Mixed infections, including Fythium ultimum or Ehizoctonia solani, are found in most 
fields. Seed treatments effective against Fythium or Ehizoctonia damping-off were inet- 
iective agamst Aphanomyces, In controlled experiments infection was most severe at 
20° and 25° C., moderate at 16° and 30° 0., light at 12° G., and absent at 4°, 8°, and 
35° C. January and February plantings were suggested as a means of avoiding infection. 
During 1942 no injury occurred in fields planted before February 22, but infection was 
severe in many fields planted during March, April, and May, Serious infestations of the 
beet water mold appear to be limited to soils of high moisture capacity and neutral or 
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-- -t-Ji. J. J. wi. j;5.j.XXV/X4V/Vl i I 

In greenhouse trials, applications of C'jmOII), pr„vid,Ml nearlv 


InvMhng Plant Tumors and Their Trodiiclion. Luvi.vk, iriri! u-i ('vmvit .r.,ii i 

oeeasionaUy been reported as showing evidence of host invasion, and, as such lias moi-it ti 
consideration as a malignant disease analogous to animal cam-or. Tlio picsion nmort 
deals with the attempts to produce such galls during the past d vears \ ,r. il,' i - 
species ot plants grown under normal conditions in the garden v'ere us..d' Mor n 
2000 inoculations and tests were made. Surface iuoculath.us made bv I'i.ri 'tiv ^ 
the stem with a needle introducing a virulent strain of ]1. 

application, ot pressure induced by binding tifflitly the iiiociil-itf*/! 

and collodion fails to induce an'^invasive addHim " gn.wt\r:;; ;,s’,‘: 

-in ^ vitamine-hke substances applied in lunoliu paste to the iaocnlated '■ii' 'T' 
together with pressure are ineffective. Ricinns, chicorv, ton , a to gera. iu. , 1 1 .fJ , 
stems moeulated by tliese methods produce only .surfa'ce ^- 11 ^ Vn i 
galls are formed. Amputated stemi inoculated wilh R. tern! Airir v r l . ‘'‘''’T," 

hating“he°appIarLfe^firadte^^^^^ '-'"'■mor.s 

ormeter,\?ing Poli^fSo^ A ’’m 

cation). Colorimetric curves were obtained for rlifFAvmf" f •* 1 ^ 1 communi- 

the type strain (Ufarmor tahaei H. vai- H i ^The oftVct'"r ^ ' “’“f 

ment of the color reaction was observed The htlmv ! i '*^“'■^‘'‘'1’- 

be present in one of the strlhis Ktaiuci H vlf 1/ known to 

disttoguishahle from that of the tnL 

method lies in the ability to make^auantiti’tivo ,® .idiaiitage of this colorimetric 

total amount of protein available is\ss than O.ohng“’”‘^*“”® 

for designating fineness and the numerous;! difteient expressions 

confusion. The nonuniformity in sTe e If f «ef«wement have led to much 

wettable sulphur and insoluble Conner fun£>-ie;.tn^^ tides present in all coinniereial 

the largest ind smallerof the several 

The shape factor is of much less imuortnnep express particle size, 

most ground fungicides approximatelthat of a ‘sphere.*""^ 

by 4 compTeLly hd^^ento 

diU^r tif tCp'lS “\vetate Sf ^ eomm^LU' vemitte.' Tlte 

closely related to the relative tosiefty of the mttedtk tested the diameter most 

property independent of degree of wiifoiunitv of « 

ity of fungicides, this term is sugZtenor elf • toxic- 

materials. suggested toi expressing the fineness of these powdered 

that have attained about two-tliTrds their grolth i d 

whereas the chronic-mosaic phase obtain*? ^ clearing 

clearing. In tobacco eommormosateacute •'«<! after vehi 

degree. In tobacco ring spot, the ehronic nhosf >’Ut to a Ic.s.s 

seldom apparent at nsull tLperatures. The pCTdstent e/Puptom.s are 

(necrotic spots, ring spots and oak-lp<if -.Yofft J ^ exprespon ot the acute phase 

resistance that increases with age and hinders dependent on natural 

meristem. In field-grown tobS Xts iu the apical 

sistaiice has been overcome and the chronic o 1 vt«a^ period of rapid growth, tliis re- 
to 6 apical leaves ranging from 4 to 80 mm uuiputatiug 5 

carborundum-dusted leaves with highly active 'yiruf’eS'i^oct*”^!^^**'*®’^’ ^ oi' ™oi'o 

of -■ T,. « 
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been geneially adopted in south-western Ontario. The practice has not given consistent 
control, probably because of the high lime content of the soil. Practically complete con- 
trol lias been obtained by two .foliar spray applications using a 2 per cent aoueoiis solu- 
tion of boiax witli “i. pel cent Oryus added as a spreader. The first application was made 
wdien the loots weie one to two inches in diameter; the second application approximately 
one month later. 

Factors Infiuencing the Response of Tomatoes to Sprays for Leaf -'blight Control. 
]VXc2new, (irEORGih Xj. Poiiiato defoliation has been effectively prevented in western New 
York by 4 applications of copper fmigieides. Yields were increased by 1 to 6 tons per 
acre and the amount of IT. S. No. 1 fruit by 10 to 45 per cent, depending upon: the se^r- 
ity ot infestation by Tffac) osporiu/m solani and Septoria lycopersid j the effectiveness and 
phytotoxicity of the fungicides applied; the timeliness of the spray applications; the 
amount of fruit injured by sunscald, fruit blight (Phytophthora infestans) and Anthrae- 
nose {CdlMotricImm phomokles); and the fertility of the soil. Bata from replicated 
plots receiving 9 different fertilizer treatments showed that the increase in yield from 
spraying or dusting was directly correlated with the effectiveness of the fertilizer in 
promoting plant productivity. None of the fertilizers or side dressings prevented de- 
foliation on unprotected plants. In one commercial-scale test, the standard spray schedule 
employing either Bordeaux mixture 4-2-50 or insoluble copper completely eliminated 
Pliytoplithora blight that destroyed 44 per cent of the fruit and reduced yields hy 4 tons 
in the iinsprayed controls. The copper compounds w^'ere only partially effective against 
anthroenose, but Fermate reduced the amount of diseased fniit in two fields from 32 and 
16 per cent to less than 2 per cent. 

Itelative Fff eetiveness of Organic and Inorganic Fungicides as Seed Protectants. 
McNew, George L. At least 3 organic fungicides offer promise as substitutes for the 
copper and mercury compounds now used to protect vegetable seeds. Tetrachloro-para- 
beiizoquinone (Spergon), ferric dimethyldithio -carbamate (Fermate), and tetramethyl- 
thiuram- disulfide (Thiosaii) have effectively protected seed from decay by Pytliium uiti- 
vvuni in greenhouse tests and have given excellent results under field conditions. These 
organic fungicides are the only ones suitable for Lima beans, and they appear superior to 
the metallic treatments on peas. Sufficient data have been obtained to recommend Sper- 
gon for peas and Lima beans. The other two organics are only slightly less effective in 
promoting emergence and increasing yields. Further tests Avill have to be made with 
Fermate and Thiosan on these two crops and on spinach and sweet corn, where they usually 
have been as effective as metallic compounds. In replicated tests with 9 treatments on 
SAveet corn in 1942, Thiosan gave the largest increase in yield (20%) followed hy Semesan 
J r., Barbak C, and Spergon. The treatment of pea seed increased yield by preventing 
loss of seedlings from preemergence seed decay and reduction in plant vigor from post- 
emergence seed decay. Spergon has a slight advantage over other fungicides in its 
ability under some conditions to stimulate plant groAvtli in the absence of disease. 

PeUiiion of Dosage of Certain Copper Sprays to Copper In fury and Leaf -spot Control 
on Montmorency Cherry. Miller, H. J. Bosages of Basicop, Tennessee Cupro-K, 

and BordoAV Avere varied hy applying each at concentrations of |, and 1:1 lb. of actual 
copper to the hundred Avith 3 lb. hydrated lime in 3 applications before harvest and 1 
after. A copper ring injury on fruit was found to increase Avith increasing concentrations 
of copper and the | lb. rate caused 55.4, 46.6, 36.9, and 26.4 per cent injured fruits, re- 
spectively, Avitli these materials. The ring injury, heretofore underseribed, occurred as 
a black line on the fruit adjacent to the base of the stem, completely encircling it in 
many cases, and Avas found very objectionable in the canned product. Tennessee ^^26'^ 
and BordoAV gave better control of leaf spot than Cupro-K and Basicop at the lower rates. 
Control Avas correlated with increasing concentrations of all 4 materials. At f lb. all 
materials, except Basicop, had reached approximately maximum control (better than 70 
per cent). Basicop required li per 100 to reach the same point. Size, color, and sugar 
content of fniit slioAved no relation to concentration of copper. 

Catex, A Feplacement for Formaldehyde in the Control of Onion Smut. Neavhall, 
A. G., and William E. Eager. Greenhouse and commercial field tests the past season 
have demonstrated the effectiveness of Catex as a possible substitute for formaldehyde 
in the drip method of controlling onion smut. This product, resulting from the destruc- 
tive distillation of Southern pine stumps in the manufacture of naval stores, contains 
certain plienolates that presumably are responsible for its fungicidal properties. In 9 
farm tests, AAdiere the mean percentage of smut Avas 25.5 in the cheek plots, formaldehyde 
reduced it to 3.3, Avliile Catex reduced it to 3.9 per cent. Mean yield increases over cheeks 
on 7 of these farms amounted to 35 per cent and 43 per cent for Catex and formaldehyde, 
respectively. The Catex solution was employed in the same manner, with the same equip- 
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ment as that used in applying formaldehyde. Two gallons of Catox- in In,, .r-pi,,,, . ,• 

water applied to an acre (37,000 ft. of row) were equivalent 1o I ' gaiioiis of'-nn, ‘d.l, 
hyde. Doubling the coneentration of Catex gave no apiu-oeiahle in'cvase in eir,v.H,' I'' 
and sometimes retarded germination slightly. Present quotations indie;, i„ that iv„i' 
ment of formaldehyde by Cate.x would not increase the cost of controlling o„i.,u smui. ' 

TJromyces 'beiae m Canada. 


mountain range. The plots at both stations were sown 'with .seed i.n,,ort, 'i f, , , k,. . 1 

and carrying larp numbers of urediospores and tclio.spore.s. Kinee tliis ml' ,■ 

been present each year in the Saanichton district, where if .attains gr,..at,'>st s,.v,' ■; v in 
autumn. Greenhouse studies showed that V. bdar Is exuvmelv 

sensitive to high temperature. The optimum for nrediospore germia, s l lV f?-" '' 

and for nist development 15° to 22° C. Varieties suseq, tilde at friln. l.V to 7" ,17 
ve oped iesistanee at higher temperatures, becoming extremely resisf.ant at 2ti~7‘ Tti, 
sensitivity of this rust to high temperatures probably aeeount.s' for its ahseiiee in \H * 

» i:..., 

" pSZTi t,'S plis'i’);'-!;' v'"- 

Cotton wilt, caused by the combined action of Fusarium ra^si)ifee(u 7 n\nd^ 
furrows in January, increased the 3-year average ae7e vield ot^pcd cotton 4 lb ^ 1 1 

Z" ‘to sSvfsfT®' 

vestigations of the Division of Cotton and othL Fiber (toop^-ativo an- 

Dissemimtion of Phytomonas poiM^^ on Greenhouse-forecd Pomsettia Pmnvr 

poinsetUae) showTlw organim°tranLm'Id'^by ^ (Phytomunas 

and to the stubs remaining on the st“f plants The ®"«ings 

with infested knives either fail t^oot and majority of cuttings takmi 

taken with clean knives. The knives were contoiuiueCo prot usoly tlmn tho.so 

bacteria obtained from pure cultnrL and bv^n^lsifrf +b '"’ays, by rubliing them with 
tings taken from diseased stoSaiv’s mov cLrt + 5 ®"- diseased stems, (hit- 

wittiin an inch of stem lesions^ The organism, provided the cuts are made 

rubbing eontaminatedTngerTov;rleavLtsrenoi^^^^^ to? experimentally by 

ing with a bacterial-watfr LZensionea?es epidermis and by spray- 

infection was observed when uninjured leaves aid i^eodle pricks. Xo 

Secondary (leaf) infections probX occur from baeteri.a. 

principal source of inoculum for su7h infections ?s the tl,71r^f P’'"'*'"- 

bacteria that ooze to the surface in or near steli lemons 

vive for aUeast 6 months on bacterial agar slants aid for 3?i„ organism c„n siir- 

Of diseased plants. ^ slants, a,nd foi at least one year in tlu^ steins 

TranSoif of'inlStunrylrvS^^^ h^ C- 

from tobacco plants that had recovered frZ wrinS resS® cions 

instances, severe in others, and intermediate in stm otheri symptoms in some 

when recently infected plants were used as som-Z 77?' ®^"idar results were obtained 

no definite correlation between rvZity oXZtoZ in -n?' d 

tion of plants from which cions were takm plants and stage of infec- 

found correlated with age or growth rS Z t^e of symptoms was not 

first appeared. A correlation wZ/onZ howiver^he^^^^^^^ *^.® ^Ji^Ptoms 

of inoculation when the virus was transmitted hv tbo seventy of disease and site 

Tcb,™ p,„tt b, SfSilTSi SS (“‘S 


1943] Abstracts of Papers h 

^ r/s b\T "r f 

developea only mild symptoms. “ fend frequently 

Control of Dmr^ing-off of Nursery Fine SeedMnqs T^rK-TTP A T t? n rip 
HAGEN, AND L. F. EOTH. The forp«itpr.nr«n-,.,r ^ -KIKER, A. J., E. H. GBUEN- 

approximately 2 per cent sulphuric acid to cLfrol damw"^^ nf 
provides (1) trouble in application (^\ + mping-off of pine seedlings often 

effect on soil nutrients. Ifem^Ze and (3) an unfavorable 

have been made in 6 years mostirwTth ?ed n^^^^^^ ^ Wisconsin forest nurseries 

disadvantages. Among 26 substances testlfl ronopf^ai control having fewer 

bination seld dust with mercuric phenyl eyanS 

calomel (used primarily against Ehi 7 oetmiin\ i«,A ‘ i ^ ^ 

Ta^trieTLsfsrasrfn 3®4°r\?4s^ ' 

some seedlings from each of the selected trees were planted in a series'of 4 by l^ff befc 

pine. Then eay bed was covered with 1 muslin cige and kopTSt f or 24 ^^ Amout 
temto7l9«.“about 5 per cenfo/th’®®®’ natur^ly and artificially inolulated in 8ep^ 
the sLdS t f£!':A^\T^SF af if Pe^t ??cS^ 

wfLfr™?e"d%fedrfre^^^^ made from commercial d-year-old white pine seedlinfs 

«5» Certain Mutant Characters in Venturia inaequalis. Shat J E 

rwlth'*'! mutants carry factors for ascospore abortion. Abortion may be complete 

(with no differentiation of the spore observable) or partial (with development of uni- or 
bicellular misshapen, colorless, sometimes viable, spore-like structures) for the aseospores 
Is wl?f upon the mutant concerned. Three mutants that arose 

iiaf *^® p“^-white sectors in culture transmit factors for ascospore abortion. In 
114 asei studied from a cross involving one of these, white (W), normal (w) the aborted 
aseospores (4) of any ascus when viable consistentl’y gave rise to whUe criLes whereas 
ond whltfeT®®’^®'’^ normal cultures. This indicates that ascospore abortion 

^ from the same mutation. White (W) was located with respect to 

te®a®n®o« ??so®mted in the same chromosome arm with and proximaJly 

to another mutant, torn (T), which gives 8-spore asci in matings with normal (t) and is 
tan in color. Another muta,nt nonconidial (Nc) was located in relation to the centromere 
but probably is not linked with tan. The sex factor appears to be located at a considerable 
distance from the centromere and is probably not linked with white. 

Control of GraTwille Wilt {Bacterium solanaeearum) of Tolacco and other Plants 
h^j Appheattons of Brea to the Soil. Smith, T. E,, and E. E. Clayton. In tests with 
tobacco grown on naturally infested soil, applications of urea were made in the fall and 
spring at 3 rates. Treatments were made in triplicate on 3 -row plots 109 feet long. The 
material was broadcast on the surface and disked into the soil to a depth of about 6 inches 
Oounts of wilted plants were made on the center row of each plot. Following applications 
m^e October 17, 1941, at the rates of 250, 500, and 1000 lb. per acre of '^Eranion^^ 
(42 per cent N), 80, 68 and 13 per cent, respectively, of the tobacco plants were wilted by 
August 1, 1942. Following applications made on March 24, 1942, at these rates 49 34 
and 3 per cent, respectively, of the tobacco plants were wilted by August 1, 1942 ' In 
another experiment, tobacco, tomato, Irish potato, egg plant, pepper, petunia, black night- 
shade, and castor bean were grown on infested soils. All plants of the more susceptible 
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species were wilted by August 1 on the nontreated plot. J uppl ed at the rates 

of 500 and 1000 lb. per acre, 10 weeks before planting, eftectneli (-ontiolled u ilt on all 
species included in the test. The 1000 lb. rate almost coinpletcdy el nn mated the disease. 
— Cooperative investigations of the Bureau of Plant Indu.stry, I . S. eiiartiueut ot Agri- 
culture, the N. 0. Agricultural Experiment Station, and the A. L-. Departiiieiit ot Agrienl- 
ture. 


Laboratory Assay of the Effects of Wetting Agents on Orimiiic tioil-sl, riliving Holu- 
tions. SOEEELL, M. B., AND F. L. Howard. The toxieitv of Hiloropicnii,^ foriiialdehyde, 
1,1 diehloro nitroethane (Etliide), carbon disulphide, and ethyieue <lKdilon(U‘ to sclerotuL 
of 8cleTotiw% rolfsii was compared first without and then with uettiui^ (xraphs 

indicate that exposure time plotted against concentration of toxicant ])lac(^ the cluanuajls 
in the above respective order on the basis of lethal dose necessary to kill od \)vv ct‘ut of the 
sclerotia. A numerical towicity factor maj be assigned to each chemical iu solatiou on the 
basis of exposure time and toxicant concentration to give '‘L.D.oO/’ .Lowca-ing tlu‘ 
interfacial tension of the sterilizing solution increases the penetration and tlie idfi'ctiveiu^s 
of the treatment, except where the wetting agent reacts with the toxicant. ’The action of 
the wetting agents (Santomerse Vatsol OT, Penetrator 1495, 4 ritoii K) was didei*- 
mined on the basis of depression of interfaeial tension ('‘Contact angle” and ‘M>ravi‘s’-’ 
test), and of the iihysical or chemical compatibility of the wetting agents with tlu‘ 
cants. Each wetting agent may cause an increase or decrease in the value of the toxicity 
factor, and thus affect the killing power of the toxicant. 


Regional Spread of Wheat Stem Must from Barherrydnfested Areas of the Virgittias 
in 1942, Stakman, E. 0., E. IT. Cotter, and W. Q. Loegering. There is strong cir- 
cumstantial evidence that widespread, although not destructive, infection of stem rust on 
wheat in Ohio and contiguous areas westward and northwestward resulted from, inoculum 
carried by the wind from barberry-infested areas of Virginia and ^Vest Virginia, where 
there was abundant rust developinent extending outward from barlierry areas. Consider- 
able numbers of urediospores were carried into Ohio and westward to Illinois by southeast 
winds from June 10 to 12, inclusive; extensive development of rust followed about 10 
days later; and the concentration of race 38 in Virginia, West Virginia, Pennsylvania, 
Ohio, Indiana, Michigan, and Illinois was so conspicuous as to indicate clearly the original 
source of the inoculum. (Cooperative investigations between the U. S. Department of 
Agricultural and the Minnesota Agricultural Experiment Station.) 


Adsorption of ChloropicrUi and Other Fumigants hy the Soil. Stark, Prank Tj,, Jr. 
By means of a spring type microbalance the weight of chloropicrin and other soil fumi- 
gants adsorbed by soil particles was determined. The amount of gas adsorbed is de- 
pendent primarily on size of the soil particles, soil temperature, and concentration of gas. 
Heavy soils having a large clay fraction may adsorb chloropicrin up to 10 ])er cent of 
their weight from a saturated atmosphere. Degree of aggregation of soil particles has 
little infiuence on either the quantity of gas adsorbed or rate of adsoiqition. Carbon 
bisulphide is taken up in smaller quantities than chloropicrin and at a much sUuvit rate 
than either chloropicrin or formaldehyde. Pormaldehyde is adsorlied to a lesser (‘xtont 
than either chloropicrin or carbon bisulphide but at about the same ratt‘ as ehloropicriu. 
Adsorption probably impairs the efficiency of volatile fumigants by reducing the concen- 
tration and the diffusion of vapor in the soil, especially in the ease of chloropicrin. Be- 
cause some soil fumigants are more readily adsorbed than others, the efficiency of one 
chemical may be impaired more than another when a lieavy soil is t related, which may 
account for the differences obtained in investigations on the nlative eff(*ctiveness of 
various soil fumigants. 

A Study of Claviceps on Zizania. Steinmetz, F. 11,, and (hiAFj.E.s 'Ml, WiacniT. 
A species of Claviceps has been observed on Zizania in the vicinity of Orono, 

Studies were undertaken to obtain information on the overwintering, dt^velojnnent, and 
spread, and to determine the possible relation to ergot on other hosts. Storage in moist 
sand under out-of-door conditions or storage in water in unsealed jars at 4^ (h ])roserved 
the viability of the fungus. Favorable storage for 30 to 60 days’ was folh,)we(l })y asco- 
carp development when cultured under greenhouse conditions. Conidiospores from early 
field infections or from mature sclerotia were effective in cultures. Inoculations with 
conidia from infected wild rice to greenhouse-grown barley, oats, wheat, and millet wore 
unsuccessful Inoculations with conidia from infected Fcstiica, Calamagrostis, Agropyron. 
and Dactylis to greenhouse-grown Zizania were unsuccessful. Conidia from Zizania to 
Zizania were successful Based upon determinations involving 1200 plants in the field 
it was found that 0.82 per cent of the pistillate flowers were infected. Morphological 
studies indicate that the Claviceps on Zizania is different from Claviceps purpurea. In 
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the field Osoinella neoaoxendix, a dipterous insect, appeared to be chiefly responsible for 

secondary spread of tlie fungus. 

A Simple Rapid Method of Field Testing Fungicides on Apples. Stoddakd, E. M., 
AND J. W, Heuberger. TMs method makes use of young standard trees planted 10' 
X 10', or 435 to the acre, which is a-t once economical of land and labor. Much time and 
labor are saved in the spraying operations, which can be done with hand equipment. Such 
a planting of young trees permits simultaneous testing of many materials. Data on con- 
trol, injury, dosage, timing, or any other particular can be obtained more easily than on 
large trees. Proper randomization and replication of plots is readily accomplished. Uni- 
form disease infection can be assured by uniform distribution of inoculum, such as over- 
wintered scab-infected apple leaves. In the ease of apple scab, data taken over a period 
of years show a direct correlation between control on foliage and control on fruit. Thus, 
fungicides are rated in the same order by leaf data as by fruit data on control of apple 
scab. If fruit is necessary to the experiments, dwarf trees can be substituted for the 
young standard trees. This method would be applicable also to the testing of materials 
on other leaf diseases of fruit trees, such as leaf spot on cherry, Bacterium pruni on peach, 
and cedar rust on apple. 

The Use of Ammonia in Controlling the Truffle Disease of the Mushroom. Stoller, 
B. B. The spores of Fseudohalsamia microspora were exposed 24 to 48 hours to 19 fumi- 
gants. Of these only ammonia, dimethylamine, quinoline, and methanol retarded the 
germination of the spores 4 months or longer. The fumigants usually employed in 
mushroom houses, formaldehyde and sulphur dioxide, had no retarding effect on spore 
germination. _ Ammonia effectively retarded spore germination at a concentration of 0.3 g. 
per liter of air, xising 75-ml. bottles in which the spore mass and adhering compost was 
large compared to the size of the container ; but half of this concentration sufdced in the 
fumigation of empty mushroom houses, since the spore mass was comparatively small. 
Spore germination also was retarded for 4 months or longer, with few exceptions, by 
the final fermentation or sweating out process’’; a strong ammonifieation of the com- 
post is characteristic of this process. The high temperatures attained during this process 
had no effect on spore germination in the absence of a strong ammonifieation — that is, 
under anaerobic conditions or in the acid condition of the compost produced by the mush- 
room mycelium. It then may be inferred that the ammonia volatilizing during this final 
fermentation prevents or retards the germination of these spores. 

A Defense Mechanism for Resisting Disease in the Mushroom. Stoller, B. B. The 
growing mycelium of Agaricus (Psalliota) campestris was observed to produced a volatile 
substance with strongly oxidizing properties. A comparative study of the reactions of 
this sxibstance, using oxidase or oxidizing reagents like guaiaeum gum and benzidine, 
with that of o- and p-benzoquinone, hydrogen peroxide, and chlorine, suggests that it is 
in the nature of a quinone or activated” peroxide. This substance readily diffused 
from tlie mycelium into an agar medium, and produced characteristic color changes in some 
100 organic compounds added to the agar. Two pathogens of the mushroom sporophore, 
which failed to grow on the mushroom mycelium, did not produce sulphides, whereas a 
pathogen of the mushroom mycelium did. The sulphides initiated by the growth of the 
latter suppressed the volatile substance of the mycelium, and decolorized many of the 
color reactions in the agar medium ; hydrogen sulphide in vitro reacted similarly. The 
oxidizing substance volatilizing continuously from the mycelium-permeated compost is 
suggested as serving as a defensive mechanism; only those of its enemies that produce 
sulphides can attack the mushroom mycelium. 

Relation of the Concentration of Copper Fungicides to Disease Control and Spray 
Injury on Grapes. Suit, B. F. Concentrations of Bordeaux as low as 2-2-100 controlled 
Giiignardia hidtoelUi and Uncmula necator, and as low as 3-3-100 controlled Flasmopara 
viticola in tests made the past 3 years. The standard spray schedule of 5 applications for 
black rot control was reduced to *3 without affecting control. The after-bloom application 
was the most important. Eight insoluble coppers used at the copper equivalent of 
Bordeaux 4-4:-100 and 2-2-100 gave variable control. The majority were satisfactory 
but inferior to Bordeaux. All insoluble coppers caused injury at the higher concentra- 
tion. The injury was characterized by smaller, yellowish leaves, reduced vine growth, and 
reduced yield. Yield reduction was greater the year following the injury without further 
spray applications. The injury was less apparent in a dry season. The insoluble cop- 
pers\vere not injurious when used at concentrations not exceeding i lb. of metallic copper 
per 100 gal. or when used at higher concentrations with 1 lb. of lime for each i lb. of 
metallic copper. The addition of spreader-stickers increased the effectiveness of Bordeaux 
and the insoluble coppers without increasing the phytotoxicity of the insoluble coppers. 
Fermate gave commercial control of Flasmopara viticola, but was not so good as the copper 
fungicides, and did not control Uncinida necator. 



14 


Phytopathology 


[Tol. 33 


Teiramethyl thiuramdisulpMde and ferric dimethyl ditliiocarhamafr as St-ed Pro- 
tectanis on Vegetables. Taylor, Carlton F., J. A. Eitpert, and J. G. I.eacti. Tvtru- 
niethyl tlimramdisiilpMde and ferric dimethyl ditliiocarbamate, each of 80 per cent ('on- 
ceiitration of active ingredients, have shown promise as seed-treatment materials on a 
number of vegetables. In preliminary tests at maximum adherence* loads they prov(‘d as 
good as Onprocide on carrot, muskmelon, pea, spinach, sweet corn, and tomato. Th(‘se 
tests were conducted in greenhouse loam at pH 5.2 to 5.4. On s])inacli, at dosages rang- 
ing from 0.1 per cent by w^eight to maximum adherence, both of tliese materials have proved 
superior to Cuprocide ’(red) at 2 per cent dosage in the prevention of both preemergence 
and post-emergence damping-off. Tetramethyl thiuramdisulphide and fi‘rric. dinu*tliyl 
ditliiocarbamate were outstanding in their protection against post-enungence damping-off. 
There was some evidence of injury on lettuce as indicated by reductions in emcrgc'iua*. 
Injury was greatest at maximum adherence loads and least when the dosage w’as ri‘duc(*d 
to 0.5 per cent with tetramethyl thiuramdisulphide and 1.0 per cent with ferric dimi‘thyl 
ditliiocarbamate. At these dosages emergence averaged 86 and 87 ]a*r cent, r(‘sp(*ctiv(‘ly, 
as compared "with 95 cent with Cuprocide and 39 per cent with the noutrtmted <dieck. 

Cellular Studies in delation to Bust ’Resistance. Thatcher, F. S. Further investi- 
gation has been made of the observation that susceptibility to rusts is asKociat(*d witli 
local permeability increase of host cells, and that resistance is associated Avith dc*creased 
permeability. These relationships have been corroborated in the instance of the * ‘ X- 
reaetion,’^ where extremes of susceptibility and resistance may be resent on a single 
leaf infected with only one rust race. The ^ ^ broAvning ’ ^ reaction, involving a change 
from initial susceptibility to a belated ai^pearanee of resistance, is associated Avith a 
progressive and extreme permeability increase induced by high temperatures. A previous 
hypothesis relating to the mechanism of rust nutrition seemed to require that the ]iarasite 
be Avholely extra-cellular in so far as the host plasma membrane is concerned. This 
requirement is established as a fact. Eesistance of Hope Avheat in the mature-plant stage 
may be partly determined by lack of availability of Avater to tlie parasite. An hypothesis 
is offered to explain the cause of different degrees of permeability change associated Avith 
different rust reactions. 

Studies on Experimentally Produced Physiologic Races of the Oat Smuts. Ftter, L. 
Gordon. Eace 1 of the loose smut (Ustilago ave^iae) of oats gives high infeetions on 
Gothland variety but seldom infects Monarch, AAdiile Eace 1 of the covered smut (U. levis) 
infects Monarch but not Gothland. Hybridization of these races has resulted in 40 
collections of smut having been selected on infection behavior over a period of years. 
Twenty-four collections were of the covered smut type, but they attacked Gotiiland,*Avhile 
Monarch was resistant to most of them. Sixteen of the selected collections resembled the 
loose smut, except that they infected Monarch more frequently tlian Gothland. On infec- 
tion results, 2 collections of covered and 4 of loose smut aj)peared to be segregated 
parental smut types. Infection data for the past 4 years have confirmed earlier deter- 
minations of many of these collections as physiologic races. Thirteen races of covered 
smut were separated on 8 varieties of oats, including Gothland and Monarch. Similarly, 
9 loose smut races AA^ere separated on 6 oat varieties. In both the loose and covered 
smuts, certain collections behaAmd identically on those oat varieties that drstinguish(*d the 
above races. EAudence exists that these collections can be further separated into distinct 
physiologic races by using additional oat varieties. 

The Relative Positions of the N and N' Factors on Nicotiana tahaeum Chromosonu s. 
Valleau, W. D. ^ Nicotiana glutinosa contains a factor N that causes inoculated plants to 
react to aU strains of the tobacco-mosaic Aurus so far tested Avitli local necroti(' spots. 
Most varieties of N. tabacum mottle Avhen inoculated Avith these strains. Many vari(*ties 
of N. tahaeum, however, contain a factor W, which causes them to react to a tVAV strains 
of tobaeeo-mosaie virus with a necrotic reaction closely similar to the N. glulinosa ri‘ac- 
tion. Other varieties (iVn') react to the same strains by mottling. To determine Avlu*ther 
the N and N' factors are borne on homologous chromosomes or on different chromosouK*s, 
a cross was made between XN and N'N' Burleys. An xfiant Avas then self ed, back- 
crossed with NX, and backcrossed with X'XG ‘inoculation of the 3 progenies Avith an 
ordinary strain of tobacco-mosaic virus gave ratios nearly identical Avith those ex])ected if 
the factors were carried on homologous chromosomes. It is probable, therefore, that the 
X factor in N. glutinosa and the similar factor in N. tahaeum are allelomorphs. 

Forms and Concentrations of Nitrogen Vtilized by Phytomonas solanacearum. 
Vaughan, E. K. In numerous tests the tomato bacterial-Avilt organism grew poorly on 
media containing only nitrate nitrogen and fairly Avell. Avhen supplied Avith ammonia 
nitrogen, but was much better able to utilize organic forms of the latter. When groAvn 
on media made from tomato plant sap containing less than 360 or more than 600 p.p.m. 
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of nitrogen tlie bacteria grew rattier poorly. On media made from sap having 365 to 600 
p.p.m. of nitrogen, growth was good and was proportional to the total amount of nitrogen, 
rather than the amount of nitrate nitpgen present. "When grown on synthetic media con- 
taining only carbohydrates and nitrogenous compounds, concentrations of nitrogen 
greater than 280 p.p.m. caused a reduction in the growth of the bacteria, while growth on 
media made with balanced nutrient mixtures was best when the concentration of 
nitrogen wms from 300 to 500 p.p.m. 

Tolacco Anihracnose—A New Plant-hed Disease in Maryland. Walker, E. A. 
Anthracnose (small pox) has caused serious losses to tobacco seedlings in Maryland plant 
beds during the 1941-1942 seasons. Small plants were killed and larger ones showed 
distorted and spotted leaves. Cankered spots appeared on the main stem and the leaf 
midrib. Anthracnose is favored by wet weather at which time it spreads rapidly over the 
plant beds. It appeared in the field in 1942 on the leaves, stems, flower heads, and on 
suckers after the crop was harvested. Colletotriclikm sp. and Gleosporium sp. have 
been isolated from lesions on infected plants. Spergon and Bordeaux-mixture sprays have 
given some control. 

Survey of Pea Diseases in Wisconsin in 194S. Walker, J. 0., and W. W. Hare. 
The survey \vas made in 654 fields comprising 4714 acres, well distributed as to season 
of xfianting, geographical location, and variety. Major diseases were root rot (Aphano- 
myces euteiches), anthracnose (Collet of riclmm pisi)^ Ascochyta blight (Mycosphaerella 
pinodes), bacterial blight (Bacterium pisi), near-wilt (Fusarimn oxysporum f. pisi race $), 
mosaic, and streak. Soot rot wms severe in 28 per cent of all fields, causing an over-all 
loss to the entire acreage of around 10 per cent. A trace or more of bacterial blight, 
ascochyta blight and anthracnose was found in 48, 45, and 38 per cent, respectively, of all 
fields examined, while they were moderate to severe in 12, 6, and 9 per cent, respectively. 
Evidence shows that the 3 pathogens were introduced generally with western-grown seed. 
A definite correlation between severity and length of interval between pea crops was noted 
for root rot, anthracnose, and Ascochyta blight. 95 per cent of the acreage was planted 
with wilt-resistant varieties and no case of wilt (F. oxysporum f. pisi race 1) was found. 
Near-wilt, mosaic, and streak were important chieflly in fields planted to reach the canning 
stage during the last 10 days of the season. 

The Eelation of Host Nutrition to the Development of Cabbage Yellows. Walker, J. 
0., and W. J. Hooker. A strain of cabbage very susceptible to yellows (Fusarimn 
oxysporum f. conglutinans) was grown in quartz-sand cultures irrigated by the continuous 
drip method with Hoagland ’s solution ad justed to concentrations of balanced nutrient at 
0.1, 0.5, 1, 2, and 3 times the basal solution and to high and low concentrations of one of 
the following : K, P, or N. The rate and extent of disease development was highest at the 
basal concentration or 0.5 basal. They were less at 0.1 basal, and were particularly 
retarded at 2 and 3 times basal. Reduced potassium consistently increased disease 
develox)ment. Reduced phosphorus and reduced nitrogen sometimes, but not consistently, 
reduced disease development. Changes in the latter were not clearly correlated with 
changes in rate of growth of the host. The same general results were secured when disease 
development wms retarded either by reduced sand temperature or by use of a moderately 
resistant host variety. A field experiment showed decrease in disease index with increase 
in fertility level, 

Effect of Temperature and Eelative Humidity on Occurrence of Blossom Blight of 
Stone Fruits. Weaver, L. O. Sclerotinia fructicola infected blossoms of potted peach 
trees in a saturated atmosphere wdthin 18 hours at 10® C., 8 to 12 hours at 15° C., 11 hours 
at 20° C., and 5 hours at 25° C. At each temperature, the greatest percentage of blos- 
som blight occurred at high relative humidities (80 and 90 per cent). The entire blossom 
is blighted when any one of the flower parts is infected at a relative humidity above 90 
per cent. At low^'er humidities, blossoms were most frequently blighted from stamen 
infection. Peach blossoms in the pink stage were not so readily blighted as open blossoms, 
but infection may be secured in high humidities. Yarieties of peach with large petals 
were not so readily destroyed as those wdth small petals, which have the essential organs 
exposed. Closed blossom l3uds usually w^ere not blighted. Blossoms exposed to infection 
5 days after opening were infected only after prolonged periods in saturated atmosphere 
or when held at 90 per cent relative humidity. At lower humidities, the infected flower 
parts dry and drop so that the developing fruit is not infected. The effects of tem- 
perature and relative humidity on germination of ^onidia and growth of mycelium are 
closely correlated with infection of blossoms. 

Correlations of Laboratory and Greenhouse Methods of Testing E'ungiddes* Well- 
man, R. H., and S. E. a. McCallan. A high correlation in control by 400 heterogeneous 
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conapoiiiids exists between tlie greenhouse diseases, late blight, septoria leaf spot, and early 
blight (see MeCallan and Wellman, demonstration abstract). A positive correlation exists 
between the average laboratory fungistatic LD50 value for 4 fungi, diffcuang from those 
causing the foliage diseases, and the average control obtained for the foliage diseases. 
No higher correlation was obtained when the same fungus, Altcrnaria solan i, was com- 
pared in laboratory and greenhouse. This correlation is lower than tluit l>etween the 
different diseases or between different fungi in the laboratory. A few compounds with 
laboratory LI)50 values between 1,000 and 10,000 p.p.in. controlhMl disease as well as 
Bordeaux mixture with an LD50 of about 10 p.p.m. Also, some compounds whose lab{>ra- 
tory toxicity was 10-fold greater than Bordeaux mixture failed to control disease. Where 
tenacity was not a factor, 32 compounds were grouped alike on the ])asis of control in 
limited field tests and in the greenhouse by these 3 foliage diseases. With 178 compounds 
the correlation between wheat smut and these foliage diseases was comparable to that 
between foliage diseases and laboratory tests and much better than between wlu^at smut 
and laboratory tests. 

The Toothpick Method of Inoculating Corn for Ear and Stalk Eots, YorNO, IL C., 
Jr. a simple and efS.eient method has been devised for increasing inocuium and for 
testing the reaction of lines of corn to fungi causing ear rots and stalk rots. Quill-type 
wooden toothpicks are boiled in water to render them iion-injurious to fungal grwth ; they 
are then placed in 2 ce. of potato-dextrose broth in test tubes, after which the tubes arc 
sterilized and inoculated in the usual manner. After the fungi have made requisite growth 
the tooth picks are inserted directly into young corn tissues, but older tissues must first 
be punctured with a sharp metal instrument. This method has several advantages: a 
uniform amount of inoculum is introduced into the plants ; different sections of the stalk 
or ear can be inoculated with the same or different organisms at one time; the point 
of inoculation is detected readily; the spread of the pathogen from the peg is easily 
traced; and large populations can be inoculated rapidly. Selfed lines of corn thus 
inoculated differed markedly in reaction to Diplodia ^eae, GMerella sseae-y and Helmintho- 
sporium sp. 

Purple-top Wilt of Potatoes Caused hy the Aster Yellows Virus* Y'ounkin, S. G. 
Further evidence has been obtained indicating that the eastern strain of the aster-yellows 
virus may cause purple-top wilt of potatoes. Extensive tests have demonstrated that 
Macrosteles divisa transmits a strain of the aster-yellows virus from naturally infected 
Amhrosia artemisiifoUa to potato. The symptoms induced are typical of tliose found in 
naturally infected plants. Preliminary experiments indicate that insect number may be a 
factor limiting successful transmission of the aster-yellows virus to potato. In tests 
involving insect populations where a minimum of 95 per cent of the indhiduals were 
infective, 10 insects per plant gave a significantly higher incidence of infect um tluin 
5, whereas 20 insects appeared to transmit the virus no more effectively th<ni did 10. 
In greenhouse tests Green Mountain was less susceptible than Katahdin and Bmooth 
Eural. Approximately 200 grafts were made on NicoUana rustica using cions from 
naturally infected, purple-top plants of the varieties Katahdin, Sebago, Biiral, and Cob- 
bler from 18 localities in New York and Pennsylvania. In 4 cases virus transmission to 
N, rustica was obtained. The symptoms of these 4 recovered strains were identical on 
N. rustica^ but distinct from the symptoms induced by the ambrosia strain. On asters all 
strains appeared similar. 

Genetic Studies of Symptom Expression of Bean-Mosaic Virus 4. Zaitmeyer, W. J., 
AND L, L, Harter. Bean-mosaic virus 4 was previously described as a new virus disease 
of beans. It produces local lesions in some varieties and systemic infection in others. 
The plants that showed local lesions, although susceptible to tlie virus at the points of 
inoculation, were immune from systemic infection. The virus was recovered from 
leaves showing local lesions but not from any any other part of the plant. All plants that 
did not show the local-lesion type of infection developed systemic mottling about 10 
days after inoculation. Eesults demonstrated that in the hybrids investigated, the in- 
heritance of the expression of symptoms of this virus was governed by a single genetic 
factor difference and that local-lesion expression was dominant to systemic infection of 
the virus. The reaction of the heterozygous plants was indistinguishable from that of 
plants homozygous for the local necrotic type of infection. Although immunity from 
bean-mosaic virus 4 has not been noted, varieties possessing the dominant gene for virus 
localization are considered commercially resistant, since in these varieties the infection 
does not become systemic, and little or no damage to the plant results. 

Internal Therapy witli Organic Chemicals in Treatment of Vascular Diseases. 
Zentmyer, George A., Jr., and James G. Horsfall. Evidence was obtained in 1941 and 
1942 that organic chemicals, including in particular certain reducing agents, when intro- 
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duced into the vascular system of plants, have an ameliorating effect on wilting and 
disease advance in several vascular diseases. Eandomized experiments using 9 chemicals 
and 5 chemotherapeutic methods on 8G0 verticillium-infected eggplants showed that wilt- 
ing was reduced by injections of 8 -hydroxy quinoline sulphate, hydroquinone, ascorbic 
acid, and 8 -hydroxy quinoline benzoate, and by soil treatments with 8-hydroxyquinoline 
sulphate on sandy-loam soil. In injection experiments in 1942 on 500 elms 6 to 10 feet 
tall, quinone, pyrogallol, p-nitrophenol, 8 -hydroxy quinoline sulphate, and hydroquinone 
again reduced the severity of Dutch elm disease. Some of these chemicals have been 
shown to inactivate the toxin of Ceratostomella ulmi in vitro, Eesults on 70 verticillium- 
infected maples, 34 of which were injected with 8-hydroxyquinoline sulphate in 1941, 
showed that 56 per cent of the treated trees and 28 per cent of the checks had improved 
or shown no further decline in 1942. Toxins are primary factors in these diseases. Ee- 
duction in wilting and retardation of disease may be the result of inactivation by the 
chemicals of free toxin in the plant. It is also possible that the chemicals may directly 
reduce the toxin-induced vascular plugging. 

ABSTRACTS PERTAINING TO DEMONSTRATIONS 

Different Vector Specificities for Varieties of a Plant Virus. Black, L. M. Experi- 
ments published earlier reported the highly specific transmission of the New Jersey variety 
of potato yellow-dwarf virus (Marmor vast ans var. agalliae) Vj A gallia constrictaf \>Vit 
not by the related insect Aceratagallia sanguinolenta and the equally specific transmission 
of the New York variety of potato yellow-dwarf virus (M, vastans var. vulgare) by the 
latter of the two leaf hoppers but not by the former. Additional experiments have failed 
to reveal any exception to these results, and strengthen the evidence that the specificity is 
absolute. The similarities of the symptoms caused by the two viruses in Nicotiana 
rustica snidi other hosts and protection tests reveal their close relationship. The presence 
of rusty-brown vein necrosis in TrifoUum incarnatum infected by the New Jersey variety 
of the virus and its absence in plants infected by the New York variety have provided a 
consistent and ready means of distinguishing the two viruses. 

Studies on the Ptiology and Physiology of Tumefactions. Braun, Armin 0., Philip 
E. White, and Thomas Laskaris. 1. Bacteria-free crown-gall tumors. 2. Tumor 
formation by attenuated crown-gall bacteria in the presence of growth-promoting sub- 
stances. 

Cottonseed Treatments : Seeding Bates, Yields, and Profits. Chester, K. Starr,, 
AND W. W. Bay. Five years’ tests of cottonseed treatments in Oklahoma have demon- 
strated that: (1) The major organisms producing seedling disease in Oklahoma differ 
from those of the Southeast : BJmoctonia solani Kiihn is dominant and Glomerella gossypn 
(South.) Edg. is negligible; (2) disinfestant seed treatments, while helpful in the South- 
west, are less so than acid treatments, which aid escape from BJmoctonia through ac- 
celerated seedling development; (3) in order of effectiveness in rhizoctonia control were 
ethyl mercury phosphate, ethyl mercury iodide, ethyl mercury borate, methyl mercury 
napththol sulfamide, and tetrachloro-para-benzoquinone ; (4) much of the value of seed 
treatment is lost unless planting rates are reduced from the present extravagant rates to 
compensate for improved stands due to treatment. Total yields from treated seed 
planted at 6 lb. per acre, without thinning, approximately equalled those from treated 
seed planted at 15 lb. per acre, with thinning. Yield increases from treated compared 
with nontreated seed were much greater at the reduced planting rate (58%) than at the 
greater rate (20%). Demonstrated advantages of seed treatment in Oklahoma include 
saving of 60 per cent of seed, eiimination of thinning cost, and 19 per cent yield increases, 
but the maximum profit can be obtained only if seeding rates of treated seed are drastically 
reduced. 

New Wood-preservative Adaptations for Poles and Crossarms. Oolley, Eeginald H. 
Emergency restrictions on timber and preservatives have accelerated the mse of pbsti- 
tute woods and the development of new preservatives. Full scale commercial experiments 
have demonstrated that mixtures of creosote, petroleum and pentachlorphenol can be 
used for pressure treatment of southern pine poles, and for open-tank treatment of 
western cedar poles, and of Douglas fir, jack pine and Norway pine crossarms. Pene- 
tration in the above ground sections of cedar poles is facilitated by shaving off the sap- 
wood with special machines until the sapwood depth is less than 1 inch. In the other 
materials cited complete penetration of the sapwood and some penetration of the heart- 
wood can be obtained readily, insuring very long resistance to attack by wood-destroying 
fungi. Satisfactory treatments also can be secured for poles by combining full-length 
treatment with salt preservatives and butt treatment with creosote or creosote solutions. 
The groundline area of standing poles can be treated with sodium fluoride of borax and 
creosote to prolong the service life of existing installations. 
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Significance of Synergism and Antagonism Between Toccicaiiis. J)nr.oxD, Alijert E., 
James G. Horsfall, and J. W. Heuberger. Synergism may ])e ecmeeived as mu'xpmded 
improvement, antagonism as unexpected loss, in toxicity in a mixture ot two materials. 
Where either phenomenon occurs the slope of the toxicity curve is altt*rtMl, in(li<*ating that 
a new compound is formed. Synergism in a mixture is denoted by a droj), aiitagonism 
hy a rise, in LD50 value (quantity for 50 per cent level of response). 1 ntermediate .LDoO 
values are difficult to assess. 

They may be assessed by at least 2 methods: one is through ust‘ of an (»rganism not 
affected by one of the components. Another is to vary tbe ])roportionality of the com- 
ponents in a series of mixtures, and to assess the LD value for (‘ach mixture. 

The following two-way systems show synergisms Cuprous oxide -i- metallic oxides, 
cuprous oxide + sulphur, metallic oxides + sulphur, sulphur -Mmwcaptolnmzothiazole, sul- 
phur + diphenyl amine. Metallic salts other than oxides have shown no symu-gism. Antag- 
onism is shown by metallic oxides + mercaptobenzothiazole. Tliret*-way systems luive shown 
neither additional synergism nor antagonism over two eomponimt systems. The results 
offer a procedure for stretching fungicide supplies in the war effort. 

Kelmintliosporimn tiircieim Leaf Blight of Field Corn Inhreds and Jlybrids. 3-1l- 
LIOTT, Charlotte. During the past two seasons, Eelminthosporiinn furricnm has caused 
heavy leaf spotting, particularly on some of the hy])rids being grown in the Corn Beit 
States and eastward. Some hybrids have been much more suscepti}.>le to this leaf spotting 
than others. In some hybrids the lower leaves have been destroyed ; in others all of the 
leaves to the top of the plant have died prematurely. Becords at Beltsville, Alarylaud, 
during the past season have shown that some inbred lines, such as Ky. 27, C.T. 23, K4, 
and la. L317, are resistant to spotting by H. turcicivm, others, such as la. ITE 701, C.I. 6, 
Ind. Tr, and K64, very susceptible, and some such as 111. Hy, C.I. 187--2, Ind. 3S-11, la. 
1205, and Ind. WF9, intermediate. All crosses with the very susceptible inbred la. ITE 
701 were moderately or heavily infected. The humid wot weather conditions were par- 
ticularly favorable to development of this widely distributed species during the past 
season. 

Breeding for Development of a Tiniber Type of Disease-resistant Chestnut. Graves, 
Arthur Haemount. The Japanese chestnut {Castanea crenata) is blight-resistant, but 
of comparatively low’’ stature. The American chestnut, C. dentata, is susceptible to blight 
hut is of tall stature. Hybrids of the 2 species, made in 1931, show^ that the American 
species is dominant as regards growth habit, and incompletely dominant as regards blight 
susceptibility. Further breeding of the Fi^s is necessary to' obtain the desired eombina- 
tion of tall, erect growth and disease-resistanee. Some of the Fs^s obtained (now 5 years 
old) give evidence of the desired growth habit; and, througli inoculation tests, of the re- 
quired disease resistance. Diagrams illustrating this situation, lihotographic enlarge- 
ments of these and other crosses, as well as other material, are x>resented. 

An Unde scribed Disease Causing Bapid Dying of Oak Trees, Henry, Bkrc’H W^., 
AND 0. S. Moses. A rapid dying of trees in the red oak group has been severe in Wis- 
consin during the past decade. In 1941 and 1942 a fungus, tentatively placed in tbe 
genus Chalara, was isolated from the wood of 116 of 122 symptom trees that were sam}>le<i 
hut was not obtained from 56 nonsymptom trees. Stem' inoculations with 6 isolates of 
the fungus were successful on 73 of 88 w’’oodlot trees from 1^ to 10 inches d.b.h. Koch’s 
postulates were completed with these isolates. The first symptom of the disease is a slight 
crinkling of the leaves, that soon become bronze and tben browm. The leaves may fall 
at any symptom stage or remain dried and curled on the tree. Occasional Iv, dark streaks 
are found in the current year’s wood of branches and stem. Leaf symptonis of the com- 
paratively few trees of the white oak group whence the fungus was isolated are atypical. 
No trees of the red oak group have been known to recover. The presence of the disease 
thronghont most of the southern half of Wisconsin and at a few locations in Alinnesota, 
Illinois, and Iowa has been confirmed by cultural diagnosis. 

Techniques for Localizing Viruses and Intensification of Disease Symptoms. Hilde- 
brand, E. M. The value of special techniques (shading, pruning, defoliation, girdling) 
for localizing and manipulating viruses and intensification of disease symptoms have thus 
far been tested for a relatively small number of diseases both indoors' and out, but wfith 
considerable promise. The virus causing the ''X’’ or yellow'-red disease of peach can be 
controlled almost at will on several hosts. In experiments on peach seedlings mid Brunus 
hesseyi diseased peach buds were inserted in several plants in several positions and various 
devices tested to manipulate virus movement of wdiich shading proved best. By shading 
the virus can be forced past but not into an unshaded branch, symptoms developing only 
in the shaded branch during the current season. The position of the diseased bud on the 
stem was important because it had to be in the path of the food movement mobilized by 
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the i^articular technique employed. On single-stemmed peach seedlings the amount of 
plant shaded and position of diseased bud on the stem can be regulated to determine the 
minimum effective distance through which the virus can be controlled. Intensification of 
symptoms is dependent on the degree of succulence attained. Limited studies on other 
viruses tend to confirm these findings. 

Derivatives of Tomato that Tend to Escape Tohacco-Mosaic Disease. Holmes, 
Francis 0. Lycopersicon cMlense Dunal, the Chilean tomato, was found considerably 
more difficult to infect with tobacco-mosaic virus than the cultivated tomato, L. esculentum 
Mill. The hybrid L. esculentum $ x L. cMlense $ proved to be infected much more 
readily than the Chilean parent and only a little less readily than the cultivated tomato, 
nevertheless, a few seedlings in subsequent generations that were derived indirectly from 
the almost sterile hybrid were about as capable of escaping infection as L. cMlense itself, 
thus showing heritability of klendusity. Whether this heritable characteristic can be in- 
coii3orated in cultivated tomato varieties without interference with quality or yield of 
fruit remains to be demonstrated. 

Inlieritance of Pathogenicity and Certain Mutant Characters in Venturia Inaegualis. 
Keitt, G. W., M. H. Langford, and J. B. Shay. Only 2 types of pathogenic reaction have 
been encountered in monoascosporic lines freshly isolated from naturally occurring peri- 
thecia {normal or iionmutant lines) j lesion (P) and fleclc (p). With normal parental 
lines and selected host varieties, crosses of lesion x lesion lines uniformly gave 8 lines 
lesion ; ftech x 'flec'k, 8 lines flech; lesion x flecTc, 4 lines lesion^ 4 lines fleck. In all ade- 
quately studied crosses, factors for lesion (P) and fleck (p) have segregated 1: 1, behav- 
ing as alleles. An isolate may incite lesion reaction on one variety, fleck on another. 
Cultural mutmit tan (T) x normal (t) gave asci containing 4 lines tan, 4 lines normal. 
All lines carrying tan were noninfectious. Cultural double mutant tan-nonconidial (T 
Nc) X normal (t nc) gave lines of tan, nonconidial, tan-nonconidial, and normal (nontan- 
conidial), different combinations occurring in different asci. Tan and nonconidial, re- 
spectively, segregated from their normal alleles 1 : 1. Lines carrying nonconidial without 
tan Avere noninfectious, except on McIntosh on which they incited decks instead of the 
lesion reaction of the line before mutation. Studies of crosses of these mutant lines x 
normal lines indicate that these mutations have suppressed, but not changed, the factor 
or factors for pathogenicity. 

Control of Seed-potato Virus Diseases. Kooh, Karl. Virus diseases affecting seed 
potatoes have been controlled by a 4-step program of production. The first step in this 
Xirogram is the indexing of several hundred single-stalk hills of potatoes in Florida in the 
winter months. By this means a small stock of potatoes relatively free from virus diseases 
is obtained. These potatoes are called the elite seed. In the second step this elite seed 
is increased by planting it by the tuber-hill-unit method the following spring in an isolated 
area in Maine. These potatoes are carefully rogued during the growing season and the 
tubers produced are called the foundation seed. The third step consists of planting this 
foundation seed by the tuber unit method the following year. Again the field is isolated 
and rogued carefully. The potatoes produced from the third step are called stock seed. 
This disease free stock seed is then used the following year in the final step for planting 
a large acreage of potatoes that will produce tubers in quantity suitable to use for seed 
by the table-stock producer. Careful cheeking of this seed by means of Florida tests and 
by field readings has shown this program to be effective. 

Transmission of Craniherry False Blossom from Tomato to Crank erry Plants ky 
Dodder (Cuscuta campestris). Kunkel, L. 0. In a former communication transmission 
of false-blossom virus from cranberry to tomato and other herbaceous plants by dodder 
Avas reported. Recently, the virus has been taken from tomato to cranberry by the same 
parasite. Demonstration that dodder can transmit false blossom to cranberry plants 
suggests the possibility that it may spread the disease in the bogs. 

A Lakoratory-greenhouse Method of Evaluating Fungicides ky Means of Tomato- 
foliage Diseases. McCxALLAN, S. E. A., and B. H. Wellman. Tomato plants, var. Bonny 
Best, six inches tall are sprayed by means of a stationary precision ‘'paint spray gun’^ 
apparatus at 40 lb. pressure for 30 sec. Plants are placed on a compound turn-table 
within a hood, and geometrically varying dosages of f ungicide applied. With above con- 
stants, 0.7 cc. of spray is deposited per sq. decimeter leaf surface. After drying, a given 
concentration of spore suspension is applied Avith an atomizer at 20 lb. pressure for 30 sec. 
The plants are immediately placed in high-humidity infection chambers for 24 hours and 
then removed to the greenhouse. Early blight (Altemaria solani), septoria blight {S. 
ly coper siGi), 2 aid \ 2 te blight {Phytophthora infestans) are employed. Spores of known 
age of the tAvo former are produced on potato-dextrose agar and those of Phytophthora 
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on potato slices. Necrotic lesions of early and late bliglits develop ^vithin ‘2 or 3 days, 
and must be counted before coalescing; Septoria requires ton days. All lesions oii 3 
compound leaves are recorded; clieeks give approximately 200 lesions. Eesults on. sprayed 
plants are converted to percentages of cheeky plotted on logarithmic-probability paper and 
the LD95 obtained for comparison. The dosage-response curves are llatttn* than in 
laboratory. 

Possible Chemical Similarity of Virus and Fungous Toxins, Stoddard, K, .IvF., and 
George A. Zentmyeb, Jr. The hyi>othesis is advanced that the virus of disease ot: 

peaches and the fungous toxins involved in Dutch elm disoiiso and v(‘rticillium wilt are 
related chemically, since chemotherapeutic experiments on control of these disease's during 
the past 3 years have given comparable results in a number of cases. Treatment with 
8 -hydroxy quinoline sulphate has resulted in striking temporary la'dnction of X disease 
and of Dutch elm disease — Plater in both cases the treated tree's succumlHsl. Quiiihydrone, 
hydro quinone and p-nitrophenol are the 3 most effective chemicals used in permammlly 
inactivating the X virus in vivo by bud-soaking, and have also been <a>nsisttmtly effective 
in retarding progress of Dutch elm disease. Hydroquinone and 8-hydroxy<piino!ine sul- 
phate have signiticantly reduced wilting of vertieillium-infectt'd eggplants. Disi'ase 
progress is thus either temporarily or permanently prevented by introducing the same 
chemicals into plants in the ease of diseases caused by a virus and by fungous toxins. 
Although these results could be ascribed to similarity of the effect of the therapeutants on 
the plant reaction, it is more probable that they indicate a chemical similarity between 
the fungous toxins and the virus. 

Evidence for the Evolution of Phytopatlio genic Viruses from the Choyidriome, Woods, 
M,, AND H. G. DuBuy. Leaf variegations are caused by abnormal ]>lastids that often 
behave like viruses. Both may cause similar modifications in specific intracellular enzymes 
and in cell development. Both may cause similar inhibition or destruction of the normal 
ehloroplasts. Variegation-inducing plastids (ehondriosomes sensit Guilliermond) and 
viruses are matroclinously inherited. Cytological evidence of limited intercellular migra- 
tion of variegation-inducing ehondriosomes has been obtained, and in two cases the varie- 
gations have been graft-transmitted. Chondriosome-controlled variegations can be ar- 
ranged to form a ' ^ spectrum ’ ^ in which the aberrant plastids progressively become mor- 
phologically and physiologically more like typical viruses. ^Ve have prepared (DuBuy 
and Woods, unpublished) from isolated ehloroplasts, after removal of lipoids, 10 to 20 
per cent of a nucleoprotein, apparently of the d-ribose type (negative Schiff test). From 
this the nucleic acid was isolated. It gave strong pentose tests, phosphorus tests, and 
showed maximum XJ-V absorption around 2600 A. Solubility characteristics were typical 
of nucleic acid. These data furnish a chemical common denominator^’ for the origin 
of viruses from the chondriome, many viruses consisting of nueleoprotein, the plastids 
consisting of this and the chromoprotein complex. 

Detecting Pathological Eegions and Nonconducting Tissues in Living Pine Trees by 
Means of Dyes. York, Harlan H. Naturally and artificially established white, red, 
and Scotch pine trees were cut off near the surface of the groiiud and immediately stood 
in vessels containing aqueous solutions of dyes from 36 to 72 hours. Certain dyes pene- 
trated the living wood up to the tips of the needles. Regions in tlie stem in wliieh the 
dye failed to penetrate were found infected with various species of fungi and bacteria. 
Such lesions were more abundant in weaker than more vigorous trees. These experiments 
proved to be very useful in studies on the decline of branches and on pruning. 


PEACH WART 


E A R L E C. B L 0 D G E T T 
(x^ccepted for publication May 18, 1942) 

INTRODUCTION 

A recently described virus disease of peach is now known in several 
orchards of the intermountain Pacific Northwest, particularly in Idaho. It 
has created considerable anxiety among growers, and, because of the gro- 
tesque effects on the fruit and the potential seriousness of the disease, has 
become of great interest to persons working with peach-virus troubles. The 
purpose of this paper is to describe more in detail the symptoms of peach 
wart and record the present knowledge of the disease based upon experi- 
mental results and observations during the past 5 seasons. 

HISTORICAL 

The first peach- wart specimens to come to the writer ^s attention were seen 
on a tree in an orchard near Weiser, Idaho, in June, 1938. This particular 
tree had borne warty peaches for at least two previous seasons. Later in the 
same summer affected fruits were sent in for diagnosis from Emmett, Idaho. 
The writer first reported the occurrence of this disease in July, 1939, when 
it was called ‘‘blister’^ (1). Further observations proved the name wart to 
be more appropriate, and it commonly is now so referred to in the literature 
(2, 3, 4, 5, 6,8, 9). 

Diseased trees have been observed in Adams, Washington, Gem, and 
Canyon Counties, Idaho, and among experimental trees located in Latah 
County. Although wart was observed first in 1938, there are several growers 
in Adams and Gem counties who claim having had warty trees for many 
years. One orchard operator states that he remembei'S a warty peach tree 
on his father’s farm about 20 years ago. The nature of the symptoms of this 
disease lends credence to these reports. 

In a letter to the writer, E. L. Eeeves, Wenatchee, Washington, who is 
acquainted with peach wart as known in Idaho, reports, ‘'that wart was 
found in the Yakima, Washington, district in 1940 and in the Wenatchee 
district in 1941 and probably had been present for at least ten years. 
Affected fruits have been sent to Moscow by a grower who lives in Payette, 
Idaho, but whose orchard is across the Snake Eiver in Oregon. At the pres- 
ent time the known distribution is western Idaho, central Washington, and 
eastern Oregon. 

SYMPTOMS 

The very first indications on fruit affected with wart appear shortly after 
the calyces have fallen. Bleached blisters or raised welts form on the tissue 

1 The writer does not wish to include bere details of tbe observations in Washington, 
nor to indicate to whom credit should go for first finding and recognizing the disease 
there. He extends his thanks to Mr. Reeves for reading this manuscript and making 
helpful suggestions. 
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near the stylar end, but, in severe cases, they later involve half or more of 
the fruit. The wart tissue enlarges as the fruit grows, and appears more 
conspicTious as the skin of the peaches becomes less pubescent. In extreme 
cases, dwarfing and deformity of the fruit are evident; but, generally, 
slight!}^ affected fruit wdll attain good size, and the w^arty condition will look 
somewhat like a limb rub. 

Affected tissue varies in color from a light tan to a red and may be rough 
with warty outgrowths conspicuously raised (Pig. 1, A, C), or it may appear 
rather smooth or cracked and russetted (Pig. 2, B). Gumming is usually 
present and often extremely severe (Pig. 2, P). The warty tissue appar- 
ently is quite superficial; and, although the underlying tissue is coarse and 
filled wdth gum pockets (Pig. 1, D), there has been no characteristic taste 
noted. In one collection of specimens from a tree at Caldw^'eH, Idaho, the 
Avarty tissue was very hard and bony, much like the pit as it hardens (Pig. 
2, C). Usually, however, it is merely tougher than normal tissue but cuts 
easily. The histological origin of warty tissue has not been determined. 

With three exceptions, trees bearing w^arty fruits gave no other evidence of 
any abnormality. One tree showed a slightly darker green foliage than nor- 
mal and two trees, noted first in August, 1941, had a mottled foliage pattern 
very similar to that of peach mottle (6). Wart-affected trees make normal 
growth, bear heavily, and appear normal, except for the fruit symptoms. 
It is of interest to note that at the Mesa orchard. Mesa, Idaho, peach wart, 
the western X disease, rusty spot (7), and powdery mildew have been seen 
on the same tree. At one time there appeared to be some possibility that wart 
and rusty spot might have some connection but now this seems to be unlikely. 

As already noted, there are extreme variations in appearance and amount 
of injury on individual fruits. Certain types of symptoms have given rise 
to such tentative terms as crease wart,’’ ^ (beady wart,” smooth w^’art,” 
ancU'ring ^vart.” 

Primarily, on the basis of observations, but supported by some tests, it 
appears likely that '^crease wart” and ‘‘beady wart” are not caused by the 
wart virus. These symptoms seem to be more often associated with varietal 
characteristics (crease wart on the Kio Oso Gem) and with possible insect 
damage (beady wart). The “crease wart” type is represented by small 
beady A¥arts along the suture. The “beady wart” type (Fig. 2, E) may 
occur anywdiere on the fruit, and usually is associated with what appears to 
be early feeding damage by some insect. The fruit shown in figure 2, C, 
exhibits wart along the crease or suture, but this tissue is very hard and 
bone-like. 

The “smooth wart” type w^as found predominant on one tree but indica- 
tions are that “smooth wart” (Fig. 2, B, F) is within the range of usual 
symptoms of peach wart. “Eing wart” has been noted primarily on trees 
at Mesa, Idaho, and rarely in other orchards. In the case of “ring wart” 
the wmrty tissue is arranged in peculiar ring-like patterns (Fig. 1, B, and 
Fig. 2, A, G). In a budding test involving cions from the Mesa orchard a 
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■R Severe, rough-wart and ring-wart types on Candoka. 

H growth along the suture hut the tissue is hard and bony, 

on ito of ring wart confined to fruit far removed from contact pointE 

LooaI n ! /° ^ inarched. E. Type of wart tissue knoLi as 

virus). F. Smooth wart showing severe gum- 
ming. G. Eing wart occurring naturally in the orchard. ^ 


TABLE 1 .^ — BesiMs of transmission tests by budding and inarching with cion tvood and trees affected with peach wart 
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slightly different x>attern (Fig. 2, D) was shown on fruit growing on ad- 
jacent branches or at some distance from the contact points. The fruit on 
branclies brought into contact showed severe, typical symxotoms (Pig. 1, C). 

TRANSMISSION STUDIES 

A series of transmission tests begun in September, 1938, enlarged and 
speeded up in 1940 by inarching fruiting trees in the orchard and by green- 
house tests, showed successful transmission of the peach- wart virus by April 
and June, 1941. The data secured, Table 1, showed that the virus was able 
to pass from diseased bud wnod to the stock (orchard test) and cause warty 
fruit, in the rather short period from September 7, 1940, to June 13, 1941 
(No. 17). One similar case, however, did not effect transmission (No. 6), 
until the second season. 

Good evidence was seen that the greater the amount of diseased bud wood 
X^laced on a healthy tree, either a large number of buds or many inarch con- 
tacts, the more severe the disease became in one season. Likewise, fruits on 
the previously healthy tree (inarched) were much more warty on branches 
in contact Avith each other than fruits on other branches and farther out on 
the same branch, (Nos. 3, 4, 5, 17) . The Aurus entered the stock from diseased 
buds, even if the union betAA’^een stock and bud tissue AA^as temporary (No. 1) . 
There is good evidence that the disease may be perpetuated in young nursery 
stock (No. 8). 

Tests other than by budding and inarching have not been tried. No root 
grafts Avere attempted. The diseased buds Avere taken from current year’s 
shoots of affected trees, inserted by the shield method and held in place by 
rubber strips. The two trees to be inarched were dug and transported to 
the orchard and reset near the bases of the healthy tree and inclined toAvard 
them so that several branches and shoots would run approximately parallel. 
Suitable cuts Avere made on "‘stock and cions” and the tissues held together 
by rubber strips (or wires, in the ease of larger branches), then Avaxed to 
XAreA’'ent drying. 

NATURAL INCREASE OF WART IN THE ORCHARDS 

EarlA?' observations on Avart gave no eAudenee of spread; but, as newer 
cases came to be known, there appeared to be a slow increase. Several 
growers reported that when infected trees had been finally removed they 
discovered that one or more new cases usually appeared later somewhere in 
the orchard. In one planting near Caldwell, Idaho, five new Avart-affected 
trees appeared in 1941. At Mesa, mappings have been made for 3 years 
(Table 2). It is now believed that natural spread, although rather slow, 
does take place. A tree once bearing warty peaches always will, although 
the severity of symptoms Amries and, at first, fruit only on part of the tree 
or main branches may be affected (Pig. 3). According to the map (Table 2), 
tree 7, row 5, and tree 5, row 6, showed wart in 1940, but none was noted in 
1941. Chance pruning out of infected branches might account for these 
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HOSTS 

The only known host is peach (Prunua piisica Sieh. ami Ziicc. i i-cpi-c- 
seiited by the following A-arieties : J. H. Hale, Elberta, Caudoka, Early (’raw- 
ford, Halberta, Slappey, July Elberta, and Seedlings. One Qnetla neetariiie 
tree has been observed with deformed fruit auggestivt' of wart but trials are 
not completed. The btidding tests on Italian innnie (J'ruiiux (hniiisl ira L. ) 
(Table 1, Nos. 11, 12, 13, 14) have not given definite resnlfs. Additional host 
plants are on trial. 



iiQ. 3. Peach tree, Wagner Orchard, Emmett, Idaho, affected witli wart .showhar 
progress of the virus from branch to brancli. Warty fruits were produced oil tlie Twt 
blanches at the lett m 1939. The,T were cut off in the fall. In 1940 the two l-inre 

THE VIRUS 

Very little is known regarding the virus eansing peacli wiirt. For pm-- 
sons wishing to employ the system of binomial nomem-Iatui-e the writer 
using the suggestions of Francis 0. Holmes, proposes the name Gallo verruca 
for this virus. Preliminary trials on insect transmission using tlie leaf- 
hopper Cicadella- hwroglyphica, (Say) have been started. 

DISCUSSION 

So far as the writer is aware no record in the literature on peach troubles 
describes a disease similar to the one herein referred to as peach wart. The 
fruits are not just rough and bumpy but shoiv actual wart-like oiit<>Towths 
or smooth corky areas. The lack of constantly associated leaf and trev synip- 
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toms makes the grotesque fruit symptoms even more interesting. With so 
little information regarding the virus itself, the proper classification of the 
virus and selection of a suitable name are very difficult. 

The recognition of one more new virosis of the peach, raises the inter- 
esting question of the origin and status of the wart virus. Where did it 
come from? How long has it been in existence? What are its potentiali- 
ties? To answer these qu.estions is obviously impossible but they are worthy 
of consideration in view of recent ideas in regard to strains as pointed out by 
Kunkel (10). The variation in symptoms (Pigs. 1 and 2), and the names 
‘ ^ ring wart ’ ’ and ‘ ‘ smooth, wart ^ ^ give some indication of variability in the 
wart virus. The apparent absence of foliage and tree growth symptoms, the 
extreme fruit abnormalities, and the lack of similarity to other known peach 
diseases might lead one to believe that Oalla verrucae is a ‘hiew’’ virus or at 
least one whose probable progenitor is unknown. 

Peach wart has been known since 1938 and several growers believe that 
wart has been present in Idaho for over 20 years and there is good evidence 
of its being present in AA^ashington for at least ten years. These periods are 
relatively short in regard to the many centuries during which peaches have 
been grown. The two localities, southwestern Idaho and central AA^ashing- 
ton, possibly represent separate points of origin. The peach wart disease, 
however, has been present for comparatively quite a long period in these 


areas and it seems more plausible to assume that the virus originated here 
rather than having been introduced. This theory may be discarded if the 
range of wart is more widespread than known at present. In addition there 
is the possibility that the disease is caused by a mixed virus infection. 

All the early records indicate that wart spreads very slowly in nature 
and the distribution in orchards is very scattered. This point is of impor- 
tance in connection with delayed recognition of the disease. A few growers 
who watch their trees very carefully, and have seen a few new -warted trees 
the last year or so are now much concerned over the potential seriousness. 
There is some reason to anticipate a sudden widespread increase not unlike 
that of many of the viruses depending on favorable natural conditions not 
yet understood. AAart should be regarded as a distinct menace to peach 



orchards. 

SUMMARY 

A virus disease of peach described first in 1939 and reported only from , 

Idaho, AYashington, and Oregon is called peach wart. Symptoms are charac- 
terized by smooth or rough outgrowths of fruit tissue, particular!}^ near the 
stylar end. Gumming is usually present and often severe. The virus is 
readily transmitted by budding and persists in the tree. Peach is the only ^ 

known host. Natural spread, although slow, takes place. The virus has been 


tentatively named iTaik verrucae, although little is known of its character- 
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istics. Control is by eradication of diseased trees and the use 
propagating wood. 
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Moscow, Idaho. 
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FIJSIFOEM BUST CONTKOL IN FOEEST^TKEB NUESEEIES 

Bailey Sleeth 
(Accepted for publication May 8, 1942) 

Fusiform rust, fiisiforme (A. and K.) Hedge, and Hunt, has 

caused severe losses in southern pine nurseries since 1937, when it was first 
reported^ as a nursery disease. Losses of 15 to 35 per cent occurred in cer- 
tain nurseries in 1938 and 1939. The known loss caused by the disease to 
slash and loblolly pine seedlings in southern nurseries exceeded 4,000,000 in 
1938 and 3,000,000 in 1939. Infection was considerably lighter in 1940 with 
a loss of approximately 1,000,000 seedlings. Losses in longleaf pine seed- 
lings have been much lower than in either slash or loblolly pine in the same 
nursery, and usually did not exceed 2 to 3 per cent of the production in any 
one nursery. 

Measures to control fusiform rust were initiated in 1939 at the W. "W. 
Ashe Nursery, Brooklyn, Mississippi, as a part of the Civilian Conservation 
Corps forest-pathology guidance and service program to facilitate the pro- 
duction of nursery seedlings for reforestation purposes. The control work 
herein reported was made possible through the cooperation of the Civilian 
Conservation Corps, the U. S. Forest Service, and the Bureau of Plant 
Industry. The preliminary work in 1939 yielded inconclusive results ; the 
tests, therefore, were continued in 1940. The measures tried w^ere spraying, 
oak eradication, late sowing, and chemotherapy. Treatments were confined 
primarily to slash, pine because of its marked importance in southern nurs- 
eries, and its pronounced susceptibility to fusiform-rust infection. 

Spores (sporidia) of Cronartiiim fusiforme from the alternate host, the 
oaks, principally the black oaks, infect nursery seedlings from April through 
June. The period of heaviest infection usually is in April and early May. 
By early September, slash and loblolly pine seedlings 7 to 8 months old may 
be found with rust cankers on the stem at or near the cotyledon whorl (Fig. 
1, A). The presence of cankers below the cotyledon whorl indicates occur- 
rence of infection directly in the stem, although it is thought that infection 
commonly occurs through the needles. On longleaf-pine seedlings, canker 
development appears in the region of the terminal bud and upper part of 
the taproot, frequently causing a turniplike appearance (Fig. 1, B). Mor- 
tality of rust-infected seedlings is usually small in the nursery. However, 
as pointed out by Lamb and Sleeth, ^ the lethal effect resulting from nursery 
infection becomes apparent the first year in field plantings where 50-75 per 
cent mortality may be expected and 100 per cent mortality wuthin a few 
years./'; 

1 Lamb, Howard. Rust canker diseases of soutbem pines. Southern Forest Experi- 
ment Station Occasional Paper ISTo. 72. 7 pp. 1937. 

2 Lamb, Howard, and Bailey Sleeth. Distribution and suggested control measures for 
the southern pine fusiform rust. Southern Forest Experiment Station Occasional Paper 
No. 91. 5 pp. May, 1940. 
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SPRAYHNG 

The 1940 spray treatineiits were divided into 2 fi'eii 
sprayed or plot series in which the effectiveness of <liff( 
spreaders were compared; a power-spi'ayed or jn-oduct 
variations in the spray schedule. The sjn-ay sclnaiule^ 
period of active sporidial production. Slash' pine, sown 
sprayed on April 8 and 12, when uredia of ('fonartium 


A fusifom-rnst caiik 

A. Stem cankers on slash pine seedlings. CaX 

inon on both slash and loblolly pine seodlinss 
canker extending into upper part^f taproot^ 

on the oak leaves near the i 

telia on the oak leaves. Slash 
application on May 2, 
days after appearance of st^oridia, 


nursery and a fetv days preceding appearance of 
April 1.5, reeeivetl its first sprav 
after the burlap mulch had been removed and several 
Spraying was discontinued by June 3. 

Spray Materials 

t ‘I' ■■■ 

Copper Hydro. li.«-»lph„r a..., 

Bound*^Sk, fungicide, furnished by the Ohipman Chemical Co. 
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111 preparing' Bordeaux mixture 8 lb. of powdered copper sulphate and 
8 lb. of hydrated lime were used in 100 gal. water or in the same ratios /when 
smaller amounts were prepared. Copper Hydro w^as used at the rate recom- 
mended by the manufacturer and dry lime-sulphur at two rates^ — summer 
strength and one-half summer strength of liquid lime-sulphur. 

Spreaders and Stickers 

Preliminary spraying trials, made in 1939, indicated a considerable dif- 
ference in eftectiveness of spreaders and stickers on slash pine seedlings. 
In these trials several spreaders and stickers were used and their effective- 
ness gauged by the amount of visible spray material adhering to the seed- 
lings. The tw^o most promising of these, Santomerse S, and an emulsion of 
raw linseed oil and fish oil soap, w^ere included in the hand-sprayed series. 
Because of its availability, casein spreader also w^as used, although it ap- 
peared to be one of the less promising adhesives employed in 1939. A stock 
supply of linseed-fish-oil-soap emulsion was prepared at the start of the 
spraying season and used as needed. The stock emulsion, sufficient for 100 
gallons of spra.Y mixture, consisted of 3 lb. raW' linseed oil and 3 lb. liquid 
fish-oil soap emulsified by vigorous agitation in 3 pints of water. By 
doubling these amounts a 6-6-6 emulsion Avas secured. 

Sprayers 

A 3-gal. compressed air sprayer proved more convenient than a power 
spra^^er for the spraying of small plots and where small amounts of different 
fungicides w^ere applied. The pressure secured in the hand sprayer wtis 
variable and probably low^ How^ever, good visual coverage w^as secured. 

In the spray schedule tests in which fairly large quantities of Bordeaux 
mixture w^ere applied, a powder sprayer w^as used. The spray tank was minus 
a mechanical agitator, and the pressure maintained was comparatively low^ 
fluctuating betw^een 75 and 150 lb. Absence of mechanical agitation and 
comparatively low" pressure no doubt influenced the effectiveness of the 
spray. 

Plot Arrangement 

A block consisting of 5 slash pine nursery beds, sown March 18, was 
divided into 20 plots for spraying in the hand-sprayed series. Each plot was 
approximately 100 ft. long by 4 ft. wdde. There were 9 treatments and a 
check distributed at random in each of tw^o sub-blocks. 

Tw'O blocks of slash pine, one sowm March 18 and the other, April 15, were 
included in the powder-sprayed series. In each block there w"ere 10 nursery 
beds, each approximately 400 ft. long, divided into 2 sections, an east and 
a w’est half. The treatments w^ere arranged systematically in order to facili- 
tate spraying and to cause little or no interf erence wdth nursery production. 
Adequate checks w^ere provided to determine the effeetiveiiess of the treat- 
ments. In any case, to be of immediate use and have practical control value, 



Seduction in fusiform rust cankered slash pine seedlings sprayed with a power spraye. 
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large differences between one or more of the treatments and the checks 
needed to be demonstrated. 

Method of Sampling 

A sample consisted of all seedlings in a 1-foot section acn.ss a nursm-y 
bed 4 sq ft. The samples were taken from areas of fairly uniform seeilliiig 
development in November and December. When lifted, the seedlings from 
the hand-spraved series were separated into 2 groups, one less than i in. and 
the other i in. or larger, based on the diameter of stem at or neai- the root 
collar. Seedlings in the power-sprayed series were separated into 8 groiitis, 
those less than in., those to i in., and those i in. and larger in diameter. 
Al l seedlings in the last class were plantable stock and a coiisiilerable number 
of seedlings in the jV- to i-in. class would, under good planting conditions, 
have been acceptable for planting stock. 

Results and Discussion 

Effectiveness of the spray treatments was indicated by the reducwl num- 
ber of rust-cankered seedlings observed when examined at lifting time. It 
was realized, however, that in a given sample the number of cankered seed- 
lings may not have been so great as the total number actually infected be- 
cause of latent infections that had not yet developed into recognizable 
cankers. In one planting in southern Mississippi it has been reported that 
latent nursery infections ranged from 4.0 to 19.0 per cent, and that rust 
cankers apparently develop more slowly on unthrifty and undersized stock 
and are more difficult to detect than on large thrifty seedlings. The per- 
centage of cankered seedlings in the plantable class, -^-in. diameter class, was 
consistently higher than in smaller size classes (Tables 1 and 2). Thus a 
reduction in amount of cankered seedlings in the plantable class is of moi e 
practical importance than in the smaller seedlings, w’hich usually are culled 
out in grading. 

All spray treatments in both the hand- and power-sprayed series (Tables 
1 and 2) gave some measure of control. Redvrction in number of diseased 
seedlings ranged from 33 to slightly over' 90 per cent. The most effective 
of the 3 fungicides was Bordeaux mixture, 8-8-100. In the hand-sprayed 
plots, it was especially effective in reducing the number of (‘ankered seedlings 
in the plantable class from over 30 per cent in the checks to 4.5 per cent and 
less. Copper Hydro was slightly less effective and the least effective was 
dry lime-sulphur. The dry lime-sulphur plots received I or 2 fewer spra>-- 
ings than those sprayed with Bordeaux mixture. However, the difference m 
effectiveness of these two fungicides was too great to be accounted for by the 
reduction in number of spray treatments. The difference in control value 
between Copper Hydro and Bordeaux mixture was not great and may have 
resulted from excess Santomerse S in the former. 

4 Sleeth, Bailey. Mortality of slash pine seedlings infected by Cronartimn fnsiformc. 
Southern Forestry Notes No. 35. 2 pp. September, 1940. 
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The effectiveness of Bordeaux mixture in controlling fusiforin-rnst infec- 
tion was further demonstrated in the power-sprayed series in which, the 
pereeiitage of cankered seedlings was reduced from 11.5 per cent in the 
unsprayed cheeks to 3 per cent or less in two instances. 

Santomerse S and an emulsion of linseed-fish-oil soap were somewhat 
more effective spreaders than casein spreader in reducing the number of 
cankered seedlings (Table 1). Of the 3 spreaders used, Santomerse S was 
considered the most desirable for large-scale operations because of its effec- 
tiveness, low cost, and ease of handling. 'When used at the rate of 1 pt. to 
100 gal,, Santomerse S gave as good as or slightly better control than when 
the amount was increased to 2 pt. per 100 gal. The effectiveness of the 3-3-3 
linseed-ffsh-oil-soap emulsion was only slightly increased when the concen- 
tration of the emulsion was doubled. There appeared to be no advantage 
in applying more than the minimum amounts tried. The maximum amount 
of Santomerse S that can be applied will depend on the sort of mechanical 
agitation in the spray tank. At two other nurseries where the agitation -was 
exceedingly vigorous, there wu,s a tendency for an excessive sudsy condition 
to develop when 1 pt. per 100 gal. was used. In these instances satisfactory 
results were secured by reducing the size of the agitator paddles and cittting 
down the amount of Santomerse S to | pt. per 100 gal In no case was 
mechanical agitation eliminated or reduced to a point where there wvas a 
tendency for the spray mixture to settle while mixing or spraying. 

There wus a lower percentage of cankered seedlings in the hand-sprayed 
than in the powder-sprayed series when the same spray combination, Bor- 
deaux mixture and Santomerse S, and comparable schedules w^ere used. The 
lower effectiveness of the power outfit probably Avas due partly to lack of 
mechanical agitation and perhaps partly to Ioav pressure. A modern high- 
pressure sprayer wdoukl have given higher pressure and probably better con- 
trol than either tlie hand sprayer or the powder machine employed. 

The reduction in cankered seedlings wus related to the frequency and 
number of spray applications (Table 2), In all cases Avhere spraying ceased 
on the same date or comparable dates there wus a lower percentage of 
cankered seedlings in beds sprayed tAvice a w^eek than in those sprayed once 
a Aveek. It is evident that during that part of the season when groAvth is 
rapid and sporidia are abundant frequent spraying is necessary to keep the 
rapidly groAving seedlings covered with a fungicide. The data (Tables 1 
and 2) indicate that the first 3 or 4 sprayings at the start of the spraying 
season Avere more important than the last 3 or 4 applications in reducing rust 
infections. 

The period of sporidial production, particularly the pre-peak and peak 
periods, rather definitely limits any effective spray schedule to the same 
period. The earliest sporidial production is in turn limited by the develop- 
ment of oak leaA’^es. In central and southern Mississippi this may occur 
from April 1 to 15. In some years marked by unusually early spring 
Aveather, sporidia may appear in late March. Peak production folloAvs very 
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shortly after the first sporidia appear and usually eontinxies for 2 to 3 weeks 
and gradually tapers off into a post-peak period that may extend into luid- 
summer. If pine seedlings are well protected with a fungicide until early 
June, there should be little or no danger from late infections. 

It is not clearly evident from the data in tables 1 and 2 as to which one 
of the spray schedules used was the moie practical. In the Iiand-spraycHl 
plots 12 sprayings gave excellent control with Bordeaux mixtiire. It might 
seem that 12 sprayings would be expensive ; yet, it is estimated tliat this 
number can be made at a total cost of 15 to 20 cents per thousand seedlings, 
including cost of labor and materials. The number of sprayings ma^t^ssa ry 
for adequate protection will vary with locality, climatic factors, and amount 
of spoiddia produced. However, the tests indicate that 8 to 12 propcnly 
timed sprayings should giA^e satisfactory control. Until Ave have more in- 
formation on effectiveness of spray materials, spreaders and spray schedules, 

8 spra.yings probably is the minimum that should be applied. The seedlings 
should first be sprayed Avhen xiredia of Cronartiuni fusi forme appear on the 
oak leaves in the Aueinity of the nursery or A¥hen the first oak leaves are two- 
thirds to fully deA^eloped. Spraying should be done tAviee a week for 2 to 3 
Aveeks, then once a Aveek until early June. 

OAK ERADICATION 

An oak-free zone, 1500 feet wide, aa^s established AAdth Civilian Gonserva'- 
tion Corps labor around one compartment at the Ashe Nursery in the spring 
of 1939, and kept free of oak sprouts the folloAving year. Since suecessfiil 
control of the AAdiite pine blister rust, Cronartium rihieola Fisch., has been 
secured in most places by a ribes-free zone of less than 1000 feet around 
AAdiite pine stands, it Avas anticipated that a 1500-foot zone Avould give some 
measure of fusiform-rust control to nursery seedlings. 

Slash pine Avas soayii on March 18 and. April 15 in tlie compartment pro- 
tected by the 1500-foot-Avide oak-free zone. Also on the same dates, slash 
pine Avas soAvn in another compartment outside the protected area and AA^itliin 
400-500 feet of a fairly heavy oak growth. The seedlings Avere examined in 
late November. The method of sampling and examination Avas similar to 
that used in the spraying trials. 

No reduction in rust infection was secured, for, in each case AAdiere the 
sowing AAms on the same date, March 18 and April 15, the percentage of 
infected seedlings AAms as high as or slightly higher in the compartment 
protected by the 1500-foot oak-free zone than in the unprotected area (Table 
3 ) . The smaller size and greater density of seedlings in the unprotected com- 
partment may have been a factor in keeping the total percentage of cankered 
seedlings lower. Eegardless of what may have caused the slightly loAAm* 
percentage of cankered seedlings in the exposed area, it Avas evident that 
the 1500-foot oak-free zone Avas not adequate to protect the seedlings from 
infection. It is not unlikely that the eradication of the oaks for a distance 
of 1500 feet does give some protection, but evidently not sufficient to justify 
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expense of removal where black oaks are abundant a short distance outside 
of the cleared zone. 

Oak eradication, if carried out on a sufficiently large scale, should protect 
a nursery or planting* from rust infection, but it is not known how extensive 
or intensive should be the eradication of the alternate host, the oaks, in case 
of Cronartium fusiforme. Accurate knowledge of certain factors not yet 
determined, such as longevity of sporidia, distance viable sporidia can be 
disseminated by wind, and the special relation between oak concentrations 
and the amount of infection in pine stands, would aid materially in deter- 
mining what course to pursue in eliminating oaks as a control measure. To 
determine the width of zone required to give effective control by gradually 
extending the limits of the zone is an expensive and not too promising pro- 
cedure. 

TIME OF SOWING 

It has been reported by Lamb and Sleeth® ^ ^ that rust infection in a given 
nursery is lower in beds of slash pine sown late than in beds of the same 
species sown earlier.’’ In southern forest-tree nurseries slash x>ine usually 
is sown in March. Sowing after the first week in April is considered late, 
though it may continue until May. To secure more accurate information 
on relation between late sowing and infection, slash pine was sown at 3 
different dates at the Ashe Nursery in the spring of 1940 (Table 3). 

The sowing on different dates was combined with the oak eradication. 
In a section of 9 consecutive 400-foot beds in the compartment protected by 
a 1500-foot oak-free zone, beds 1, 4, and 7 were sown on March 18, beds 2, 5, 
and 8 on April 3 and beds 3, 6, and 9 on April 15. Also in a compartment 
outside the oak-free zone a number of beds for spraying were sown on March 
18 and April 15. The amount of infection in unsprayed seedlings in these 
two sowings is shown in table 3. 

The percentage of cankered seedlings was regularly lower in the later 
sowings. Taking the percentage of cankered seedlings in the earliest sowing 
in. the compartment protected by the 1500-foot oak-free zone as a basis, 
infection was reduced by a sixth in the April 3 sowing and by two-fifths in 
that of April 15. In the unprotected compartment the reduction in cankered 
seedlings in favor of the April 15 sowing over that of March 18 was one- 
fourth. 

In all probability the reduced rust infection in the late-sown slash pine 
may be accounted for by two factors : sporidial production and unfavorable 
climatic conditions. In the first instance late-sown slash pine may and 
frequently does miss the pre-peak and part of the peak period of sporidial 
production because of late germination. Undetermined fungi are found 
throughout the telia as they grow older ; it is suspected that they are parasitic 
and are instrumental in shortening the period of sporidial production. 
Higher temperature and reduced humidity probably inhibit infection as the 
season, advances. 


5 See footnote 2. 
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Tlie A’aliie of rediietioii in iiiiiiiber of cankered seedlings in the April 3 
and 15 sowing in the protec'ted (compartment was more than offset by inid- 
siiinnier losses attributed to Sclerofnini hataficola Taiib. A mortality coniit 
ina(h‘ on August 16 revealed a loss of 3 per cent for March 18 sowing, 13 per 
cent for A])ril 3, aud 15 p(a* (-ent for April 15. Losses such as these and diffi- 
culty ill growing plantable si^edlings do not encourage late sowdng as a means 
of conti'olling rust infection. However, sowing at as late a date as thrifty, 
planlalile secMllings can be grown is preferable to early sowing in those nnr- 
sciles su])je(ct to rtacurrent losst.\s from rust infeetion. 

loblolly AND LONGLEAP PINE 

r>e(cause of llit^ interest in relative resistance to iiifection of slash and 
loliloll}’ pine siTsllings in the nursery, there are included in table 3 data on 
infection of tiiese tivo species grown under comparable eoiiditions. Three 
beds of slash pine in the protected compartment and several beds of lob- 
lolly [line in an adjacent compartment were sown on March 18 and grown 
under cominirable conditions, with the exception that the loblolly pine was 
some 200”5()0 feet nearer to oaks than was the slash pine. Onty 7.6 per cent 
of the loblolly pine seedlings were eankered, compared to 16.6 per cent of 
the slash pine in the protected compartment, and 11.8 per cent in an nnpro- 
tected eonipartment. Similar cases of higher rust infection in slash than in 
loblolly pine have been observed in other nurseries. 

In years of nniisually abundant rust infeetion, considerable infection 
may be fcmnd in longleaf pine seedlings. Such a condition occurred in 1939 
where local spots were found in one nursery to have 10-20 per cent of the 
seedlings cankered, although the average infeetion was less than 5 per cent. 

The power-spray series for rust control on slash pine was duplicated on 
longleaf pine seedlings at the Ashe Nursery. In the few samples taken, no 
evident differences were observed between the sprayed and unsprayed beds. 

CHEMOTHERAPY 

The use of ('liemicals to control eineal rusts experimentally is briefly 
described by Hart and Allison. They report favorable results with certain 
chemicals of wliidi tlie most effective were para- and ortho-toluenesulfonyl- 
amide. Tln^se two toluene compounds were tried in a small preliminary test 
on slasli j)ine at the xVshe Nursery in the spring of 1940 in an attempt to 
control Fro /a /a,s//cranMnfe(,dion of slash pine seedlings. 

Two series of 4 x 4 ft. plots were established on April 26, one in slash pine 
b(‘ds, sown ]\Iar('h 18, and the other sown April 15. The amount of para- 
and ortho-toiuenesiilfonylamide used ranged from 1 g. to 4 g. per plot. The 
chemicals were mixed with sand to secure uniform surface distribution. On 
December 18, 1940, the seedlings were carefully examined for cankers ; the 
results were ineonelusive. 

The apparent iiieffectiveness of both para- and ortho-toluenesulfonylamide 

6 Hart, Helen, and J. Lewis Allison. Toluene compounds to control plant disease. 
Phytopath. 29 : 978-981. 1939. 
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may have been due to applying them too late. It seems most ]ik(*ly that the 
period of severe rust infection had passed by the last ot April. ( )l)S(*rvations 
made in the spring of 1940 indicated that sporidial ])rodii(dian had reached 
or passed its peak by the last week in April. As a control mcasurt‘ it would 
seem that the possibility of control would have ])eeii unudi greater had tin* 
seedlings absorbed the chemical before infeetiou occurred, thi the utluu* 
hand, if there were a true cheniotherapeutie effect, one might ]*easonal)ly 
expect an inhibiting or, even, lethal effect on the itarasitc* aftm* ind^dion 
had occurred. 

SUMMARY 

Effective though not complete control of fusiform rust, fusi- 

fornie, was obtained in the nursery by spraying. Of three fungicddt^s a]>- 
plied, Bordeaux mixture, 8-8-100, appeared the most effVcdivt^. Oopper 
Hydro, slightly less effective, and dry lime-sulphur gave the least ('ontrol. 

Both Santomerse S and an emulsion of ra^v linseed oil and licpiid fish-oil 
soap gave good and slightly better results as spreaders than casein s]n-eader. 

An oak-free zone, 1500 feet wide, failed to show perceptible reduction of 
rust infection in slash pine seedlings. 

Mid- April-sown slash pine showed only | as many fiisiforni-riist eankers 
as that sown a month earlier. 

Less fusiform-rust infection was found in loblolly than in slash ])ine sown 
on the same date and gromi under comparable conditions. Longleaf pine 
seedlings proved still more resistant to infeetiou. 

As a chemotherapeutic measure, neither para- nor ortho-toluenesulfonyl- 
amide, applied to the soil surface at about the time of peak sporidial produc- 
tion, gave any reduction in number of cankered seedlings. 

Guayule Emergency Eubber Project, 

Salinas, California. 
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i 1 

Tlie clieinically complex decay of wood by fungi causes a decrease in the | j 

calorific value and oven-dry weight of wood. That is, as decay progresses in ‘ 

a piece of wood, the oven-dry weight and amount of heat derived from the 
complete combustion of the total decaying material decrease. It should not I ^ 

be surprising, considering the specific differences in wood and fungi and j j 

the variations in environment, if different investigators find dissimilar rela- 
tionships between the change in calorific value and that in oven-dry weight. I ' 

Lehmann and Scheible (7), in the case of pine wood inoculated with fungi ^ 

and cultured for a period of 6 months, found that 6 of the 8 fungi employed ; 

caused losses in calorific value that were greater than those in wood sub- j 

stance. In wood rotted by the other 2 fungi, they found that the percentage ) 

losses in calorific value and the percentage losses in dry material were about : 

the same. Vanin and Esupoff (9) observed that white rots lowered the 
calorific value per gram of oven-dried wood, while brown rots tended to | 

raise it somewhat, conclusions which are not in agreement with the results l- 

of Lehmann and Scheible who found no such differential effect. Hilborii i; 


(5) , in 3 kinds of wood stored under natural conditions and with numerous 
fungi present, found slower loss in calorific value than in wood substance. 

This indicated that during decay some components were removed that either 
detracted from, or at least did not contribute to, heat value. 

Under laboratozy conditions in pure cultures, Scheffer (8) studied the 
effect of Polyponis versicolor (L.) Pr. on the calorific value of red-gum sap- 
wood and concluded that the calories remaining in the decaying wood were 
directly proportional to the amount of wood substance remaining. Hilborn 

(6) studied the effect of Fomes foment arms (Pr.) Kickx upon the calorific 
value of white birch wood under laboratory conditions and likewise found 
that the loss in total calories was directly proportional to the loss in wood 
substance. 

Scheffer (8) and Hilborn (6) were the only two investigators who also < 

made chemical analyses of the wood used in their calorific determinations. ' ’ 

However, as neither found any progressive differences in the calories per . ; 




gram of decaying wood, their data provided no basis for determining the 
relative influence of the various wood components upon heat value. In view 
of the differences found by Lehmann and Scheible, it is unfortunate that 
they did not make chemical determinations on their wood samples. 

Two questions arose. The first was whether differences in the ratio of 
calorie loss to weight loss may sometimes vary directly with differences in 

1 Credit is due the Coe EesearehPund, University of Maine) for financial support on 
this project. 
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chemical composition ; the second was concerned with the frequency of dif- 
ferences in chemical composition in which there were no differences in the 
ratio of calorie loss to weight loss in decayed Avood samples. The samples 
used by Hilborn in another study (5) seemed to offer opportunity to study 
the question of the relative calorific value of the various wood eomponents, 
since it was found that, as specific gravity decreased, the calories per giam 
of the oven-dried wood also decreased somewhat, indicating a cluing e in 
chemical composition. 

In this experiment, which was begun in 1930, a coi’d of vood vas used 
consisting of split and rmsplit 4-foot lengths of three species, namely, red 
maple, paper birch, and beech. One half of this cord, consisting of ap[>i oxi- 
mately equal numbers of split and nnsplit lengths, was piled in the woods 
and the other half in an open field. In the spring, and again in the fall, 
from 1930 to 1933, inclusive, representative sticks (4 feet long) of split and 
unsplit pieces of each species were brought into the laboratory and used foi 
all determinations. The method of preparing the samples for analy sis is 
described by Hilborn (5). After the calorific values Avere determined in 
1934, duplicate portions of these samples were stored in paraffin-sealed glass 
vials for future use with the hope that at some time chemical analyses could 
be made. This became possible in 1940. 

In order to obtain sufficient material for analysis it was necessary to com- 
bine all the samples taken during any^ one y^ear. Thus the spring and fall 
samples of 1930, from both the woods and the open field, -were combined to 
form the analyzed 1930 sample. Samples for 1931 and 1932 were derived 
in the same manner. Sufficient material for analysis was lacking in the 1933 
sample. These samples consisted of relatively^ large wood particles, which 
had to be reduced in size before a chemical anatysis could be made. The 
material was reduced in a hammer mill and, in the main, following the pro- 
cedure of Scheffer (8), only that portion of each sample passing a 30-mesh 
sieve and held on a 100-mesh sieve was used for analysis. The methods of 
analysis used were those compiled by^ Bray (1). All reported chemical 
determinations were made on this material. The material that ])assed 
through 100- and 200-mesh sieves, respectively, w^as removed and stored 
separately. 

The data derived by^ chemical anal,ysis are presented in tables 1 to 3. 
It must be remembered that a variety of fungi was responsible for the decay 
in these samples. Fruiting bodies of several white-rot fungi, Polyponis 
hirsutus (Wulf.) Fr., P. pargamenus Fr., Famis st'ipficas Bull., Sfereuni 
purpureum Pers., Thelophora sp., and Daldmia sp. were collected during 
the interval of 1930-34 from the wood in storage. No fruiting bodies of 
definite brown-rot fungi were found, although brown-rot fungi and white- 
rot fungi other than those identified may^ have been present. 

The data presented in tables 1 to 3 are partly^ in agreement with what is 
known about white rots in general. There was no pronounced increase in 
alkali solubility, such as characterizes the brown rots (2, 3, 4). There was 
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TABLE 1. — Some effects of decay on the chemical composition of red maple wood 


Amoimt of component expressed as percentage of wood samples 
at different storage periods 


Kind of 
eom|)onent 

Orig- 

inal 

With percentage based upon 
original weight of oven-dry 
sound wooda 

With percentage based upon 
weight of oven-dry 
decayed sample 


sample 

Nov. 

1930 

Oct. 

1931 

Nov. 

1932 

Nov. 

1930 

Oct. 

1931 

Nov. 

1932 

Gold water 
soluble 

4.1 


1.1 

1.2 


1.5 

2.2 

Hot water 

soluble 

5.6 

2.1 

2.4 

2.2 

3.3 

3.4 

4.0 

Alcohol-benzene 
soluble 

3.0 

1.2 

0.9 

0.7 

1.9 

1.8 

1.4 

Total 1% alkali 
soluble 

21.6 

10.7 

12.8 

10.4 

16.7 

18.1 

19.2 

Cellulose 

58.5 

35.6 

41.8 

31.6 

55.7 

58.9 

58.6 

Lignin 

25.9 

21.2 

18.2 

13.7 

33.1 

25.7 

25.3 

Total pentosans 

16.9 

10.8 

15.3 

12.3 

17.8 

21.5 

22.7 

Pentosans in cel- 
lulose (cellu- 
lose basis) 

11.9 

12.5 

13.0 

12.3 

12.5 

13.0 

12.3 

Pentosans in cel- 
lulose (wood 
basis) 

7.0 

4.5 

5.5 

3.9 

7.0 

7.7 

7.2 

Pentosans not in 
cellulose 

9.9 

7.6 

9.8 

8.4 

11.8 

13.8 

15.5 


a Derived from 3 eoliuniis at right. 


TABLE 2. — Some effects of decay on the chemical comiposition of heech wood 


Ainoiint of component expressed as percentage of wood samples 
at different storage periods 


Kind of 
component 

Orig- 

inal 

With percentage based upon 
original weight of oven-dry 
sound woo da 

With percentage based upon 
weight of oven- dry 
decayed sample 


sample 

Nov. 

1930 

Oct. 

1931 

Nov. 

1932 

Nov. 

1930 

Oct. 

1931 

Nov. 

1932 

Cold water 
soluble 

2.3 

0.5 

1.1 

0.6 

0.8 

1.2 

1.2 

Hot water ' 

soluble 

3.2 

1.9 

2.7 

1.5 

2.9 

2.9 

3.0 

Alcohol-benzene 
soluble 

2.3 

0.2 

0.3 

0.5 

0.3 

0.3 

1.1 

Total 1% alkali 
soluble 

17.3 

11.2 

16.5 

9.3 

16.7 

17.8 

19.0 

Cellulose 

55.7 

40.8 

54.8 

28.2 

60.9 

59.0 

57.6 

Lignin 

23.4 

14.5 

23.1 

12.0 

21.6 

24.8 

24.4 

Total pentosans 

16.6 

17.3 

23.9 

13.6 

25.8 

! 25.7 

27.7 

Pentosans in cel- 
lulose (cellu- 
lose basis) 

15.8 

16.6 

16.2 

14.7 

16.6 

16.2 

14.7 

Pentosans in cel- 
lulose (wood 
basis) 

8.8 

6.8 

8.9 

4.2 

10.1 

9.6 

8.5 

Pentosans not in 
cellulose .................. 

7.8 

10.5 

15.0 

9.4 

15.7 

16.1 

19.2 


a Derived from 3 columns at right. 
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TABLE 3 . — Some effects of decay on the chemical composition of paper hirch wood 


Amount of component expressed as i:)ereenta^?e of wood sam])l{‘s 
at different storage periods 


Kind of 
component 

Orig- 

inal 

"With percentage based upon 
original weight of oven-dry 
sound ^vood*‘ 

With ])erceutage based u])()n 
weight of oven-dry 
decayed sample 


sample 

Kov. 

1930 

Oct. 

1931 

Nov. 

1932 

Nov. 

1930 

Oct. 

1931 

Nov. 

'1932 

Cold water 
soluble 

2.1 

0.9 

1.8 

2.4 

1.7 

2.8 

4.8 

Hot water 
soluble 

3.3 

2.1 

3.1 

3.9 

3.6 

4.6 

8.0 

Alcohol-benzene 
soluble 

2.2 

0.9 

1.2 

2.0 

1.7 

1.8 

4,0 

Total 1% alkali 
soluble 

21.9 

11.0 

15.2 

12.7 

19.0 

23.7 

26.0 

Cellulose 

62.0 

34.8 

38.1 

28.9 

60.0 

59.5 

58.9 

Lignin 

29.5 

12.2 

14.1 

10.2 

21.1 

21.9 

20.9 

Total pentosans..... 

20.8 

15.6 

18.2 

14.2 

26.8 

28.4 

28.9 

Pentosans in cel- 
lulose (cellu- 
lose basis) 

13.9 

15.1 

18.8 1 

16.3 

j 

15.1 1 

18.8 

16.3 

Pentosans in cel- 
lulose (wood 
basis) 

8.6 

5.3 

' 7.1 

4.7 

9.1 

11.2 

9.6 

Pentosans not in 
cellulose 

12.2 

9.1 

11.0 ! 

9.5 

15.7 

17.2 i 

19.3 


a Derived from 3 columns at right. 


indicated a preferential selection of the pentosans in cellulose, a character- 
istic of the brown rots. The principal sources of calories, eelluiose and 
lignin, were depleted generally in direct proportion to the calorific Yaliie 
of the oven-dried wood, as is characteristic of some of the white rots. 

The chemical analysis did not explain the difterences noted previousI,y 
between loss in calorific value per gram of oven-dried wood and loss in wood 
substance, namely, slower loss in calorific value than in wood substance. 

A chance determination, based upon material that passed the 20C)-inesh 
sieve, yielded an increase in calories per gram. Because of this the writers 
made a complete series of determinations on the residues that "were retained 
by the 100- and 200-mesh sieves, respectively. The data are presented in 
table 4, and indicate that particle-size resulting from mechanical screening 
influenced calorific value. In all samples the material that passed the 100- 
and 200-mesh sieves was progressively higher in calorific value than that re- 
tained and used for chemical analysis. As decay progressed in the samples, 
the calories per gram of oven-dried wood of these particles increased, in 
general. No appreciable differences were observed in the relative amounts 
of material which passed through the 100- and 200-mesh sieves in any of the 
samples, regardless of the amount of decay. Hilborn (5) coneluded that the 
paper-birch wood had lost more heat value through decay than the other two 
species. This conclusion is apparently borne out by the data in table 4. 
However, contrary to the earlier results, here there w^as little or slight ehaiige 
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TABLE 4 . — Calorifie value of screened samples 


Samj)le 

Calories per gram oven-dry 

Increase in calories per oven- 
dry gram of sieved samples 
over analysis sample 

Analysis 

sample 

Passing lOO-mesh 
but not 200-mesli 

Passing 

200-niesh 

Passing 100-mesh 
but not 200-mesh 

Passing 

2 00 -mesh 

Bed maple 






Original ... 

4693 

4742 

4787 

49 

94 

1930 

4381 

4407 

4436 

26 

55 

1931 

4374 

4839 

4974 

465 

600 

1932 

4243 

4509 

4637 

266 

394 

Beeeli 






Original ... 

4925 

5093 

5112 

168 

187 

1930 

4721 

4782 

4935 

61 

214 

1931 

4301 

4611 

4923 

310 

622 

1932 

4291 

1 4518 

4735 

227 

444 

Wliite bircli 






Original ... 

4630 

' 4721 

4936 

91 

306 

1930 

4372 

i 4402 

4583 

30 

211 

1931 

4322 

i 4523 ' 

4711 

201 

389 

1932 

4263 

1 5054 

5233 

791 

970 


in calories per gram of oven-dried wood as decay progressed. There was a 
consistent loss in calories as decay progressed in the samples used for the 
chemical analysis, but the total loss after 3 years’ decay is rather small. 
The material of smaller particle size showed a heterogeneity Avith no con- 
sistent trend in calorifie value as decay progressed. 

SUMMARY 

The effect of decay on chemical composition and calorific value was 
measured in cordwood of three species, red maple, paper birch, and beech. 
As causes of decay, several Avhite-rot but no broAvn-rot fungi were known to 
be present. Although determinations of the calories per gram had shown 
that the loss in calorific value was slower than the loss in wood substance, 
indicating a change in chemical composition during decay, chemical analysis 
failed to demonstrate a correlation between reduction in calorific value and 
reduction in the amount of any chemical component. 

In these chemical analyses two characteristics of the white rots were 
found, (1) no correlation betAveen alkali solubility and the loss of any other 
component, and (2) a depletion of both cellulose and lignin proportional 
to the loss of wood substance. In addition one characteristic of the brown 
rots was found — the preferential selection of the pentosans in cellulose. 

Particle size resulting from mechanical screening in the reduced sample 
AAms observed to influence calorifie value. Very small particles were higher 
in calorific value. 

Agricultural Experiment Station op the University of Maine, 

AND THE College op Agriculture, Orono, Maine. 
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THE EFFECT OF COTTON SEED DUSTING ON EMEEGENCE OP 
SEEDLINGS IN SOIL INFESTED WITH 
EHIZOCTONIA^ 

W.WlKPlEIiDEAy 
(Accepted for x^nblication May 25, 1942) 

From tlie many tests conducted by yarious investigators working under 
the auspices of the Cotton Disease Council it has been definitely established 
that cotton-seedling infections caused by seed-borne organisms can be con- 
trolled effectively by seed treatment with either 2 per cent Ceresan (ethyl 
mercury chloride) or New Improved Ceresan (5 per cent ethyl mercury 
phosphate) . Among the several organisms effectively controlled by the Cere- 
san treatment, is Glomerella gossypi/i (South.) Edg., which, according to 
Weiiidling et ah (S), is responsible for the greatest amount of cotton-seedling 
loss of all the seed-borne organisms. 

It has been observed that seedlings produced from treated seed frequently 
are attacked, before or after emergence, by various soil-inhabiting fungi. In 
many instances the organism associated with such attacks is Bhizoctonia 
solani Kiihn {Corticium vagiim B. and C.). Some investigators have sug- 
gested that Rhkoctonia might be controlled, at least partly, by seed treat- 
ment. Lehman (2) demonstrated that the germination of Ceresan- treated 
seed, planted in Ehizoetonia-inf ested soil, was significantly greater than that 
of the noiidusted seed. But he also observed that plants from dusted seed 
did not survive post-emergence damping-off to a significantly greater degree 
than did those from nondusted seed. 

The seedling surveys of Miller (3) and Miller and Weindling (4, 5, 6) 
and those of Eay and McLaughlin (7) have demonstrated that the anthrae- 
nose pathogen, Glomerella gos^ypii, is of little consequence as a cotton-seed- 
ling pathogen in Oklahoma. Next to some of the species of Fiisarium, 
notably F. momliforme Sheld., Bhizoctonia solani is the organism most fre- 
quently isolated from diseased seedlings. As pointed out by Ray and Mc- 
Laughlin (7) , Blikocionia, because of its ubiquity and marked pathogenicity, 
is considered the most important cause of seedling disease in Oklahoma. 

The real importance of Blikocionia may not be revealed in the actual 
percentage of isolations from diseased seedlings under all conditions. Ex- 
periments in our greenhouse and those made by Lehman (2) have demon- 
strated that seedlings cannot be protected against infection by Bhizoctonia 
by either 2 per cent Ceresan or New Improved Ceresan. The writer has 
observed that treated seed planted in soil heavily infested -wit]! Bhizoctonia 
often do not emerge at all; and, so, on this basis the long skips in rows com- 
monly seen in cotton fields conceivably may be due largely to a high inoculum 
potential of Bhizoctonia in the soil. 

1 Publislied with the approval of the Director of the Oklahoma Agricultural Experi- 
ment Statioii. 
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The purpose of the investigations here described was to determine imder 
controlled conditions, insofar as possible, the effectiveness of seed treatiiieiit 
wdth several fungicidal dusts in the control of pre~ and post-emergence 
damping-oif of cotton seedlings by Bhizocionui, 

materials and methods 

The experiments were conducted in the greenhouse Achere the tempera- 
ture wms maintained betAveen 80° and 100° F. The soil, consisting of 2 parts 
loam, 1 part sand, and 1 part seAver sludge, had been steam-sterilijied about 
1 month before it was placed in clean fiats and treated Avitli a (a)ncentrated 
formaldehyde solution, as suggested by Guterman and ]\'Iassey (1) for the 
control of damping-off. The organism employed in these experiments Acas 
isolated from a cotton seedling, and wms selected because of its high degree 
of pathogenicity as determined by infection tests. The fungus Avas groAvii 
10 days in flasks on a steam-sterilized bran medium, consisting of 1 part bran 
and 1.2 parts of a 1 per cent dextrose solution (by Aveight). One Aveek after 
the soil received the formaldehyde treatment, 75 g. of the bran culture aauis 
stirred into each flat of soil (about 1 part of the bran culture to 55 parts of 
soil by volume). The soil-inoculum mixture Avas then kept moist for 7 days 
prior to the planting of the seed. 

Deltapine-12 cotton seed from the 1940 crop in Mississippi Avas deliiited 
in concentrated snlphnric acid, and only the hea^y seed derived from the 
flotation-gravity process was used. Such seed has been shoAAUi by nnmerous 
tests in the laboratory and greenhouse to germinate 98-100 per cent. Each 
flat was planted with 160 treated seeds in 8 roAA’’s, Avhile the third roAV from 
each end of the flat wslh planted AAuth 20 nondiisted seeds. Usually, each 
experiment consisted of 4 flats and 4 lots of seed each treated AAuth a given 
chemical dust. The different lots of seed were rotated so that each lot pro- 
duced a crop of seedlings successively in each of the 4 flats, thus resulting 
in 4 replications in each experiment. All dusts Avere applied to the seed at 
the rate of 3 g. of dust per kg. of seed, except Spergonex, Avhich Avas applied 
at double that rate. 

Counts Avere made of the total number of seedlings emerged and those 
that survived post-emergence damping-off for one Aveek thereafter. The 
results obtained in each experiment were analyzed statistically by the analy- 
sis-of-variance method. 

results 

In all, 7 sets of experiments were made and the results of each were 
analyzed statistically. The data obtained for total emergence of all seed- 
lings, regardless of the fact that many of those included in the counts later 
died, are presented in table 1. The underscored numbers indicate statistical 
significance at 1 per cent over the untreated cheeks in each experiment. 
Except for one experiment, in which red copper oxide Avas statistically 
superior to the check, the only chemicals giving emergences consistently 
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superior to the checks were New Improved Ceresan (5 per cent ethyl mercury 
phosphate), Spergon (tetraehloro-para-benzoquinone), DuBay 740-A (5 per 
cent ethyl mercury borate), DuBay 1155-HH (5 per cent ethyl mercury 
iodide) and DuBay 1228-R (methyl mercury naphthol sulfamide). Al- 
though Spergon-treated seed gave higher emergence counts than Ceresan- 
treated seed in every ease where both were used in the same experiment, no 
significant difference existed between them. Since the various experiments 
were conducted on different dates, the average percentage of germination for 

TABLE 1. — Average percentage of emergence of treated and untreated cotton seed in 

soil infested with Mhwoetonw 


Number of experiment 



1 

2 . 

3 

4 

5 1 

6 

7 

Aver. 

Cheek 

22.0 

11.5 

5.7 

5.4 

24.0 

24.5 

10.0 

17.1 

New Improved Ceresan ... 

50,0 

86.0 

68.5 

6S.7 

85.0 \ 


57.6 

68.8 

Spergou 


88.0 

83.4 

69.0 


73.7 

60.1 

74. S 

DuBIj 1155-HH 


73.0 


73.0 

DuBay 740-A 


74.0 






74.0 

DuBay 1228-E 




44.0 

58.0 


48.4 

50.1 

Spergonex 


19.0 




23.0 


21.0 

IT. S. Eiibber 335 




8.0 



7.9 

8.0 

Sanoseed A 


25.0 



18.0 



21.0 

Cvanamid 154-6-B 


18.0 

13.0 



14.6 


15.2 

Eed copper oxide 

4S.S 




37.0 



42.6 

Yellow copper oxide 

29.2 







29.2 

Yaseo 4 

30.0 







30.0 

H. S. Eubber 601 






26.4 


26.4 


a Eacli figure based on 4 replications ; numbers in italic are highly significant statis- 
tically. 


seed treated with any particular chemical in one experiment might not be 
indicative of the true valite of the treatment when compared with average 
percentage of germination for the same chemical in another experiment. In 


TABLE 2. — Emergence ratio of treated to untreated cotton seed in soil infested with 
BJmoctoniaa- 


Seed protectant 


Number of experiment 



1 

2 

3 

4 

5 

6 

7 

Aver. 

Cheek 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

New Improved Ceresan 

; 2.2' 

7.3 

11.9 

12.1 

3.4 


5.7 

7.1 

Sperffon 


7.5 

14.5 

12.7 


2.9 

6.0 

8.7 

DuBay 1155-HH 


6.2 






6.2 

BuBay 740-A 


6.3 






6.3 

DuBay 1228-E 




8.1 

2.3 


4.8 

5.1 

Bpergonex 


1.6 




0.9 


1.2 

H. S. Eubber 335 




1.4 



0.7 

1.1 

Sanoseed A 


2.1 



0.7 



1.4 

Cyanamid 154-6-B 


1.5 

2.2 



0.5 


1.4 

Eed copper oxide 

2,1 




1.5 



1.8 

Yellow copper oxide 

1.3 







1.3 

Yaseo 4 

1.3 







1.3 

V. S. Eubber 601 






1.0 


1.0 


Each figure based on 4 replications. 
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table 2, therefore, are presented the ratios between the percentage of geriiii- 
nation of the check and each of the chemicals used in all expei inieiits. In 
each ease the emergence of the check is taken as 1. 

The average number of plants still surviving and fre(‘ from infection, 
1 week after emergence, in 5 of the experiments, is tal)nlated in tal>h^ 3. 
In no instance, in any of the experiments, was the survival oi; tlie stHnllings 
from treated seed significantly greater than that from the nontreated. Ihiese 
results are in accord with those of Lehman (2). 


TABLE ^.—Average num'ber of emerged idants surviving dampmfhof ?>// Rln.^oe^ 
tonia on the basis of 4 replications of 160 seeds each 


Seed protectant 


Clieek 

Kew Improved Ceresan 

Spergon 

BuBay 1128-E 

Spergoiiex 

U. S. Rubber 335 

Sanoseed A 

Gyanamid 154-6-B 

Red copper oxide 

U. S. Rubber 601 



Number 

of experiment 


3 

4 

5 

6 

i 

0.0 

0.5 

4.0 

2.2 

4.5 

10.0 

7.0 

15.0 


5.5 

18.0 

11.0 


4.0 

5.6 


1.2 

7.0 

2.5 

3.5 


1.0 



0.5 



1.5 



0.8 


7 O 

0.7 ; 










2.7 



DISCUSSION 

Certain chemicals, such as DuBay 740-A and DuBay 1155-HH, although 
showing promise as seed protectants in the regional field tests'^ and in our 
greenhouse experiments, are not generally available to the public because of 
manufacturing difficulties. These two fungicides, tlierefore, were not thor- 
oughly tested. DuBay 1228~R has given stands significantly better than 
those from the nontreated seed in both these and above-mentioned field tests. 
It is not now manufactured in quantities. American Gyanamid 154-6--B 
(an organic mercury dust) has shown exceptional promise as a seed pro- 
tectant in Arndt ^s regional tests, but in our Rhizoctonia tests, eniergeiiee ivas 
not significantly better than that from the nontreaed seed. Sanoseed A 
(ethanol mercury chloride) has not been effective against attacks by Ehizoc- 
tonia in these experiments, whereas, in Arndt’s regional field tests it has 
given somewhat erratic results. 

The United States Rubber Company’s product, Spergon, has in every 
experiment given emergence counts highly significant over those of the check, 
and it compares favorably with New Improved Ceresan as a seed protectant. 
Spergonex, No. 335, and No. 601, all organic compounds lacking heavy 
metals, and manufactured by the United States Rubber Company, gave 
emergences that were not statistically significant over those of the nontreated 
seed. In the regional tests, Spergonex has proved more effective than the 

2 Axndt, 0. H. A summary of six years of experimental studies of cotton seed treat- 
ment by the Cotton Seedling Committee. Mimeographed report issued at the meetings of 
the American Association for the Advancement of Science in Balias, Texas, in 1941. 
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other 3 products of the United States Rubber Company, and it has compared 
favorably with New Improved Ceresan. It proved but slightly more effec- 
tive than Spergon, according to Arndt." The cuprous oxides (red and yel- 
low) and Vasco 4 (zinc oxide) did not prove effective against Rhkoctmia 
ill these tests. 


SUMMAEY 

Cotton seed, treated with various fungicidal dusts, and nontreated seed 
were planted in soil abundantly infested with Bhkoctonia solani. Emer- 
gence counts made in 7 experiments and survival counts made in 5 were 
analyzed statistically. 

The chemicals regularly giving emergences significantly greater than 
those of the nontreated were New Improved Ceresan (ethyl mercury phos- 
phate), DuBay 1155-HH (ethyl mercury iodide), DuBay 740-A (ethyl mer- 
cury borate), DuBay 1228-E (methyl mercury naphthol sulf amide) and 
Spergon (tetrachloro-para-benzoquinone). 

Although certain chemicals used in seed treatment significantly increased 
the emergence above that of the nontreated seed, the differences in subse- 
quent survival of plants from treated and nontreated seed were not statis- 
tically significant. 

The results of these experiments indicate that seed treatment is not an 
effective means of controlling post-emergence damping-off of cotton seedlings 
by Bhkoctonia when the soil is heavily infested wdth this fungus. 

Department op Botany and Plant Pathology, 

Oklahoma Agricultural Experiment Station, 

Stillwater, Oklahoma. 
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SULPHUR AND COPPER SPRAYS IN RELATION TO APPLE-TREE 
GROWTH AND YIELD^ 

H . W . Thurston, Jr., a n o H . N . Worth u i-: y 
(Accepted for publication May 5, 1942) 

Lime siilpliur-leaci aresenate sprays, as applied to apples, iiave lou^ l)ee.n 
recognized as causing various types of foliage injury in varying degree, 
depending upon season, variety, strength of spraying solution, i*egioii under 
consideration, etc. In spite of such injurious elfects, lime sulphur is still 
the standard early-season fungicide whei’ever scab is a major pi'oblem. The 
possible cumulative effect of lime sulphur on tree growth and yield over a 
period of years presents a somewhat different problem. Folsom,- in 1933, 
reviewed the published evidence up to that date, and came to the coiudusion 
that in spite of a strong belief in the importance of spray injury in aifeeting 
yield and growth ''there is still not much evidence altogether of an accurate 
nature.’’ Folsom’s further conclusions from his own experiments in Maine 
were that "in general, the tendency was for unmodified lime sulphur to 
increase yield more than to decrease it, and to have no effect upon tree 
growth.” And further, "that the effect of lime sulphur spray injury upon 
growdh and yield may be much less than is commonly presumed.” 

A further report by FolsonF in 1939 indicates a 50 per cent reduction in 
yield of McIntosh produced by lime sulphur as compared to sulphur spray 
or dust, over the period 1933 to 1938 incliisive, with but little diiferenee in 
tree growth. 

Cbristoplier^ recently has reported better tree growth for young trees 
sprayed with lime sulphur 1-100 and trees receiving sulphur dust than for 
trees receiving lime sulphur 1-50. He does not report on tree measure- 
ments at the start of his experiment and made only one set of ineasiirements, 
winch seem inconclusive. 

The experiments here recorded were conducted on young Stayman trees. 
These trees were set in 1929 in two blocks of 54 trees each, the blocks being 
part of a larger orchard and separated by several rows of McIntosh trees of 
the same age. During the first 5 years of their growth these trees were not 
sprayed, except for a single uniform application of lead arsenate each year 
to keep down damage from leaf -eating insects. In 1934 the trees all received 
a single application of sulphur and lead arsenate at petal fall. In 1935, 2 
uniform applications were made, at pink and petal fall. In 1936, 6 trees in 
each block were set apart to serve as checks. Of the remaining trees, half 
were sprayed with a standard lime sulphur-lead arsenate schedule and half 

1 Authorized for publication on May 1, 1942, as Paper No. 1099 in tbe Journal series 
of the Pennsylvania Agricultural Experiment Station. Contribution from the Department 
of Botany No. 133. 

a polsom, D. Apple spraying and dusting experiments — 1928-1932— in relation to 
scab, yield and tree growth. Maine Agr. Exp. Sta. Bull. 368. 1933. 

3 Folsom, D. Yield reduction by lime sulphur on apple trees. ( Abstract) Pbytopath. 
39 1 6. 1939. 

4: Christopher, E, P. Influence of sulphur sprays on trunk diameter of Touiig apple 
trees. Proc. Amer. Soe. Hort. Sci. 39 : 8-10. 1941. 
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with copper phosphate-lime hentonite-lead arsenate mixture (■4-8-4-3-100) . 
This program has been continued through 1941, except that in 1940 and 1941 
copper zeolite (“ZO”) was substituted for the copper phosphate. Trunk 



Figure 1. 

circiimferences of all trees have been recorded, beginning vitli 1934, result- 
ing in a record for 2 years during which the trees were sprayed tiniformly 
and for 6 years during which a spraying differential of lime sulphur vs. 
copper vs. cheek was maintained. 

For the first 4 years of the differential spraying treatment (1936-1939) 
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records were kept of the numbers of growing’ points (buds) and iiiimbers 
of flower clusters, produced on 3 selected braiielies from each tree. It was 
thus hoped to discover any injurious or retarding effect that the sprays 
might have at a date somewhat earlier than could be expected from trunk 
circumference measurements. While these data are not ]> resen ted in didail 
here, it is perhaps sufficient to state that no significant differeiu-es appeared 
during the 4 - 3 ^ear period. The yield data, as presented in fignrt* 2, serve to 
bear out this point. 

It was considered of interest to determine whether or not the spray was 
influential in reducing leaf area. Accordingly, random lOO-h^af samples 
from each of 5 trees in each treatment were collected and their areas (Uter- 
mined photoelectrieally. The leaves were collected only from terminals 
after discarding the 3 oldest and the 3 youngest leaves, so as to retain for 
measurement only leaves of approximately ecpial age and like position on the 
tree. The average areas per leaf in 1936 were 4.80 sq. in. for the check 
trees, 4.91 sq. in. for the copper-sprayed trees, and 4.83 sq. in. for the snl- 
phur-sprayed trees. In 1937 the averages, in square inches, were, respec- 
tively, 5.33 (cheeks), 5.32 (copper), and 5.34 (sulphur). These figures indi- 
cate a significant difference between seasons, but not between treatments in 
either season. No leaf-area determinations -were made after 1937. 

In 1936 some determinations of chlorophyll content were made on leaf 
samples selected as described above. Chlorophyll determinations in mg. per 
square inch of leaf on July 15 were as follows: unsprayed, 0.578; copper- 
sprayed, 0.601 ; lime-sulphur-sprayed, 0.641. On September 8, the same 
year the checks showed 0.431 ; copper, 0.410 and sulphur 0.430. 

Figure 1 is a graph showing the average trunk circiimfereiiees of the 
trees in each of the 3 lots over the 8-year period. It does not show any 
pronounced differences, but might be taken to indicate that spraying with 
either sulphur or copper has resulted in slowing down the average tree 
growdh during the last 4 years in comparison with the unsprayed cheek trees. 

Figure 2 represents the same data plotted to show’ the average annual 
increment in trunk circumference rather than the cumulative increase. Fig- 
ure 2 also shows the average bushel yield per tree. It may be noted that 
prior to 1937 the trees were growing rapidly, having made in 1936 an aver- 
age increase in circumference of over 2.25 inches per tree. In 1937 they 
bore their first crop of fruit. This crop, wiiile small, w^as associated with 
and appears to have been the cause of the smaller increment in trunk cir- 
cumference recorded for that year. In 1938 a heavy freeze in May ruined 
what promised to be a good crop of fruit. Since the trees did not bear, they 
were apparently able to make a greater increase in trunk circumfereiice in 
1938 than in 1937. In 1939 and 1940 these young trees bore a satisfactory 
crop for their age, but made correspondingly smaller increases in trunk cir- 
eumferenee (Fig. 2). Finally, in 1941, a freeze during the blossoming 
period again caused a total crop failure, and the rate of tree gTowdh, as 
measured by circumference, again showed a compensating increase. Varia- 
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tions in rate and amount of tree growth must necessarily be a reflection of 
the sum of many factors, but it is believed that these figures show a relation- 
ship between the crop of fruit and the amount of growth sufSciently definite 

RELATION BETWEEN GROWTH AND YIELD 
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Figure 2. 

to indicate that the size of the crop must he one of the important factors in 
determining increase in trunk circumference. 

Figure 2 offers a plausible explanation of the tendency indicated in fig- 
ure 1, where the unsprayed cheek trees seem to be growing somewhat faster 
than either lot of sprayed trees. It is believed that this tendency is not 
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attributable to injury by the spray but is to be correlated instead with the 
small crop the check trees were able to mature. 

In explanation of the small crop produced by the cheek trees, it .sliould be 
recorded that in 1937, the first year of bearing, the apples on the (‘hecks w('r(‘ 
100 per cent scabby, and in 1939 and 1940 only slightly less so. In other 
words, spraying has served to hold the crop on the trees to maturity. Avhiie 
on the unsprayed trees scab has caused many of the apples to drop off early 
in the season. This loss of crop is reflected in the increased growth of tin* 
unsprayed trees. While there are recognized a great many possible reasons 
why trees may fail to bear profitable crops or fail to grow in an ac'ceptable 
manner, we have not been able to demonstrate that spraying is one of tlumi. 

The Pennsylvania State College, 

State College, Pennsylvania. 




PATHOGENESIS OF DITYLENCHUS DIPSACI IN SEEDLINGS OP 

ALLIUM CEPA 

A.G.Newhalli 
(Accepted for publication April 15, 1942) 

PURPOSE AND METHOD 

In a former paper by Newhall and CMtwood (10) the speed with which 
young onion seedlings become infected with Ditylenchus dipsaci from the 
soil was indicated by the finding of over 50 nematodes in the tissue of 1 
seedling 3 weeks after sowing the seed. This has led to a further study of 
the penetration and tissue preference of this pathogen in young seedlings of 
Yellow Globe onion. 

Home-grown, disease-free seed was sown in Ain. pots of steamed muck in 
the greenhouse ; and a suspension of Ditylenchus dipsaci from chopped, in- 
fected onion bulbs containing eggs, larvae and adults, was poured over the 
top. A constant moisture supply was then maintained for 48 hours by 
means of a fine mist spray. By the fourth day seeds had begun to germinate 
in spite of the excessive moisture. Several sprouting seeds were removed, 
killed in hot 5 per cent formaldehyde solution, and prepared for sectioning 
by the paraffin method. At this time the sprouts ranged up to 4 mm. in 
length. Thirty-six hours later a second collection was similarly treated, 
when many sprouts were 8 mm. in length. A third, a fourth and a fifth col- 
lection were all prepared at 2-day intervals thereafter. The mist spray was 
operated intermittently during this time to keep the soil moist and favor 
nematode activity. Many seedlings were 2 or 3 mm. above ground at the 
time of the fifth collection. 

Sections from 10 to 20 n thick were cut and stained in Delafield’s aqueous 
haematoxylin. Past green in absolute alcohol, alcoholic erythrosin in clove 
oil, and Bismark brown also were used. The first 3 were the most satis- 
factory. Sections of the seed failed to adhere to the slides well with the 
aqueous haematoxylin, though sprouts gave no trouble and seeds adhered 
well with the alcoholic stains. No difficulty was experienced in cutting 
through the tough seedeoat in 54° paraffin. 



OBVIOUS TISSUE PREPEREKCE OP THIS NEMATODE 

Analysis of the many sections revealed several interesting points. Per- 
haps the most obvious was the almost universal confinement of the attacks 
to cortical or parenchyma tissue, once the epidermis had been penetrated. 
Figure 1, A, is a diagrammatic longitudinal section of a germinating onion 
seed about 6 days after sowing, which gives a composite view of many of the 
places where nematodes were found. It will be noted they occurred from 
a point close to the root cap of the hypocotyl (a), to several points within the 

1 The author acknowledges helpful suggestions from Dr. B. G. Chitwood U. S. De- 
partment of Agriculture, Division of Nematology. ’ 
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Fig. 1. A. Composite diagrammatic long section through 6-day-old seedling showing 
places where nemas were found from root tip (a) to within the seed (f). B. Diagrammatic 
section through seed in early germination to show nemas in soft parenchyma tissue near 

Pj parenchyma ; li, hilum ; e, endosperm. 
\ X 85. a, probable point 

, , - - b, cell recently punctured. Note only slightly 

damaged endodermal layer of cells protecting central procambium while cortex is heavily 
invaded. (Stained in aqueous haematoxylin.) 


section through seed ^ ^ 

hilum. cot, cotyledon; pc, procambial strand; p, 

€. Photomicrograph of section through cotyledon at point e in A. 
of entrance of single nema shown above. ’ ” 


invaded. 
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germinating seed (f). In all cases they were found only in cortical or 
parenchyma tissue. They seemed to be stopped by endodermis surrounding 
the provascular strand. This is evident also in figure 2, A. 

Even m the seed itself their activity was confined to parenchyma tissue. 



fl I' through seed, 10 days after germination, at point marked pc in 

ngure 1, is, snowing nemas destroying cortex but leaving endoderm surrounding procam- 
bium unbarmed. B. Nema in cavity of cortex close to primary leaf bud 10 days after 
germination. C. Nemas in cortex of cotyledon 8 days old. (All x 85 : stained in icoholic 
erythrosin in clove oil.) 

The first collection, made 4 days after sowing, when the sprout was but 2 mm. 
long, revealed nematodes in two places within the seed. One was in the thin- 
walled parenchyma just beneath the hilum, through which they perhaps had 
gained entrance. Their presence here is of interest as indicating how seed 
transmission, once reported by Ritzema Bos (12), could take place under 
favorable conditions for migration of larvae up through the parenchyma of 
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the pedicel prior to seed maturation (Fig. 1, B). The other place in the 
seed where they were found was within the hypocotyl just before it emerged, 
as shown in figure 2, A, a section through a germinating seed in the same 
plane as figure 1, B. At a very early stage in the germination of onion seed 
there is a well defined single provaseular strand. Sound imes, fairly well 
developed vascular elements can be observed in it. In this section lln- nema- 
todes can be seen to have broken down the pareiiehj'ma tissue on both sides 
of the procambium, encircling it but in a conspicuous manner avoiding the 
endodermal layer protecting it. The observatioJi suggests that souu' sec- 
ondary wall thickening may take place in the endoderniis, even wliile elonga- 
tion of the cotyledon occurs. The complete destruction of the ])arene]iynia 
tissue by the nematode here, as elsewhere in these seedlings, is in striking 
contrast to their life in the intercellular spaces of tlie mature onion bulb, and 
similar mature host tissues such as narcissus bulbs, where they are rarely 
found within the cells. 

One bit of evidence was found that might be assumed to support the 
theory of secretory action of this nematode on the middle lamella. It is 
shown in the upper part of figure 1, C, a longitudinal section through the 
knee of a cotyledon 12 days after germination began. Here an individual 
may be seen to have forced its head between parenchyma cells for a con- 
siderable distance. How much of the resultant separation of the cells is 
purely mechanical and how much of it has been aided by dissolution of the 
middle lamella, if there is one at this stage, is not revealed. Mechanical 
force probably could produce the observed splitting. At the point marked 
(b) there is evidence of this nematode having broken into the third cell. 
Further back at the point (a) may be seen the probable point of entrance 
through a number of definitely ruptured cells. 

It is interesting that Godfrey (4), in a study of the relation of Tyhiiclms 
hrachyurus to the root tissue of the pineapple, found that this pathogen also 
was definitely limited by lignified cells, that, after penetration, all spread was 
subepidermal, and that even a slight degree of epidermal hardening in- 
hibited primary penetration. Newhall and Chitwood (10) found that 
mature bulbs of Allium cepa were not penetrated in a month by Difyhnichux 
dipsaei in a drop of water unless the skin was first punctured. Laidlaw and 
Price (6) likewise state that very little infection takes place if healthy onion 
seedlings (age not given) are transplanted into nematode-infested soil with- 
out injuring the epidermis. 

STOMATAL ENTRANCE NOT COMMON 

The part played by stomata as portals of entry has received little atten- 
tion since the announcment of its occurrence in Vida fala by Debray and 
Maupas (3) and the work on potato by Quanjer (11) in 1927. The finding 
by the writer of invaded areas in the hypocotyl close to the root cap, where 
stomates, according to Hoffman (5), are not found, indicates that these 
portals may not be necessary in the case of onion seedlings (Fig. 1, A, a). 
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It is trii6 tliat well formed stomata can be found in tbe epidermis of tlie 
cotyledon soon after germination of the seed begins, but these are closed. 
As a further test of the role of stomates nematodes were placed in drops of 
water in Van Tiegheni cells on leaves of 10 5-week-old onion plants grown 
from bulbs. In some eases the epidermis was slightly injured, in others not. 
In some of the cells cotton or sand was introduced to give the nematodes 
something to push against. Too much reliance should not be placed on the 
results of these tests, since they were not repeated, but infection resulted 
only on the 4 plants the epidermis of which was injured. It is believed that 
if stomata! penetration of Alhum cepa by Ditylewhus dipsaci occurs at all 
it is the exception rather than the rule, and that in the case of very young 
tissue stomates are probably unnecessary as portals of entry. 


RELATION OP AGE OF ONION SEEDLINGS TO SUSCEPTIBILITY 


If stomates are not important, if the cuticularizing of the epidermis is, 
and if this takes place soon after germination of the seed, it follows that 
onions should become more resistant as the seedlings grow older. Accord- 


ingly, in the following experiment 3 replicate plantings of 100 seeds of 
Yellow Globe onion were sown every 5 days in loam soil until 5 plantings had 
been made. Ten days after the last sowing, when the oldest were 30 days of 
age, all ivere inoculated by pouring over the rows a measured volume of a 
water suspension of Ditylenchus dipsaci obtained by crushing heavily in- 
fested onion bulbs. This inoculum contained all stages in the life of the 
nematode, including many eggs. Heavy infection (over 80 per cent) took 
place on the 10-day-old seedlings, 18 per cent on those 15 days old, while less 
than 7 per cent and 4 per cent occurred on the 25- and 30-day-old plants, 
respective!}?'. This experiment was repeated, using muck soil, with sub- 
stantially similar results. These are presented in table 1 where the mean 
numbers of healthy seedlings are considered as an inverse measure of the 
infective capacity of the nematode. Infected seedlings were counted but not 
frequently enough to keep up with their death and disappearance. From a 
glance at the data obtained on the 38th day it appears that many of the older 
plants were late in showing distinct symptoms. Even so it remains evident 
that a marked reduction in susceptibility seems to occur in seedlings between 


the 10th and 20th days. This trend is in the opposite direction from that 
to be expected if stomates functioned as the chief portals of entry, because 
they would have been getting larger during this time. 

These results cheek closely with field observations. Much greater losses 
are believed to occur if seed is sown on infested areas than if sets are planted. 
Sets are by no means immune however, perhaps no more so than 30-day-old 
seedlings. In the field there is opportunity for nematodes to be spattered 
up into the crotches between the new leaves, where they would come in 
contact with tender young epidermal tissue. In seasons lacking rainfall, 
losses are much reduced. 

The results of these 2 experiments tend to support Anderson's (1) sug- 
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gestion that very early in the life of Allium cepa the epidermis undergoes a 
hardening process that progressively fortifies it against penetration by the 
smut fungus, Urocystis cepulas. Dr. Arzberger, according to Steiner (13) 
found evidence which led him to believe that the Iron and Brabham varieties 
of cowpea owe their resistance to the root-knot nematode to the fact that 
their roots are better guarded by protective tissue than susceptible varieties. 
The layer of cork cells is better developed and has more suberized walls, and, 
in general, the mechanical tissue is more uniformly distributed through the 
cortex in the resistant varieties. The more recent work of Barrons (2), to 
be sure, throws doubt on the importance of mechanical resistance to 
Heterodera manom in seedlings of certain beans and cowpeas, since he was 
able to find as many nematodes in the root tips of the resistant as those of 
susceptible strains. No such search was undertaken in the present study, 
though, admittedl}", it might have been revealing. 

DISCUSSION 

Swelling of invaded tissue has been considered a prominent character- 
istic of onion bloat on seedlings, as pictured by Newhall and Chitwnod (10), 
but in these studies on paraffin sections of very young seedlings, up to 12 
days of age, this symptom was not prominent. Neither was there much evi- 
dence of swelling of individual cells or of discoloration in advance of the 
pathogen, as noted by Quanjer (11) in the shoots of potatoes. There was 
very little time for secondary organisms to affect the picture, and no evi- 
dence of their action could be found. One is tempted to ask whether this 
fact could be responsible for the paucity of evidence indicating dissolution 
of the middle lamella. Evidence of such dissolution admittedly may have 
been obscured by the processing that preceded the microscopical examination 
of the sections. 

One prominent histologic symptom seen in figure 2 was the large number 
of host cells in the vicinity of the heads of the nematodes that have lost all 
or a portion of their contents. This may be significant in view of the recent 
observations on the feeding habits of living hollow-stylet nematodes made by 
Linford, (8, 9) and Linford and Olivera (7). The conclusion they reached 
was, contrary to the views formerly expressed by others, that Ditylenchus 
dipsaci, like a number of predacious, hollow-stylet nematodes, feeds on its 
host by puncturing the cells and sucking out their contents. The predacious 
forms, such as Ditylenchus intermedius and some of the Aphelenchoides, 
were observed to inject powerful digestive fluids into their prey, which 
paralyzed them quickly and reduced their body contents to a fluid. This was 
easily withdrawn through the narrow stylet by the pulsating action of the 
esophageal bulb. D. dipsaci also was observed by Linford to jab its stylet 
through the wall of a fungus and apparently to feed on the contents by this 
same action, suggesting that soil fungi might constitute the food of this plant 
pathogen in years when normal plant hosts were lacking. The destruction 
of the parenchyma tissue observed in onion seedlings and pictured in the 
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accompanying illustrations is manifestly Avliat would be expected from 
feeding activity of this kind. 

In conclusion, these studies indicate that Ditylcnchm dipsaci does not 
feed on the cells of young onion seedlings by dissolving the niiildle lamella 
although it may possibly have such capacity. This iiematoih' appanmlh- 
feeds more often by the method described by Lintord involving repeated 
piercing of the cell walls of the parenchyma and feeding on the e(‘ll eonltmts 
until the cells are so weakened that they collapse under the pressure' of tlie 
body activities of the pathogen. Migration is typicallv not between biit 
more often right through the broken cells (Pig. 2). They have been fouinl 
destroying the closely packed meristematic cells of the vouin-- h'af pri 
mordium and of the root tip. These lack intercellular spaces Ind .louhtless 
have cell walls in a more or less fluid state, relatively easy to puncture. 

SUMMARY 

A study was made of paraffin sections of onion seedlings up to l‘> d-ivs 
of age removed at 2-day intervals from soil, heavily infested with Ddu/c'«- 
chus dipsaci. The nematode was found to penetrate the seed soon after 
germination commenced and to live for a short time in the parenchvma tissue 
beneath the hilum or in that of the cotyledon. 

Penetration of the cotyledon after its protrusion apparently could take 
place directly through the young epidermis at any point. Once within the 
sprout, migration occurred freely through the tender cortical tissue both 
ongitudinally and radially but was definitely bounded by dermal layers 
even at early stages in germination. No evidence of penetration of the pro- 
vascular strand was observed. 

nematode migrates only between 
the ceUs by dissolving the middle lamella was meagre and not cmisidered 

of destructive mechanical intracellular penetra- 
tion of parenchyma tissue was abundant. i 

of S^wrekTthlv presented indicating that as seedlings reach the age 

of 3 weeks they become more resistant to attack by nematodes in the soil 

epiderm? ^ increased hardening of the 
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PHYSIOLOGIC SPECIALIZATION IN CEECOSPORA ORYZAE 

T. C. Eykee 

(Accepted for piildieatioM April 10, 1942) 

^ Wliile selecting strains of Blue Rose rice, resistant to (U’lrDsporn onr-<i€ 
Miy., it was observed that inbred lines, oi-dinarily resistant to tlie runvus, 
were susceptible when inoculated with certain cultures. This indicated the 
existence of races of the fungus that differed in patliogeniei1\-. It is the 
purpose of this paper to report data showing that physiologic races occur in 
Cercospora oryme. A brief abstract of these results have been published.’ 

MATEEIALS AND METHODS 

Tissue isolates of the fungus were used in most cases for the inoculations. 
These were obtained by plating individual lesions from naturalh- infected 
leaves, surface-sterilized with a 1 : 1000 corrosive sublimate solution in 50 
per cent ethyl alcohol. A few nionoconidial cultures also were used. To 
obtain the inoculum, streaks were first made on bean-agar slants from cul- 
tures 3 to 6 days old. After incubating the slants for 4 to 6 davs, sterile 
water was added and a spore suspension was secured by scraping the surface 
of the medium with a needle. This suspension was poured on bean agar 
plates and the excess removed. After 3 to 6 days water was added and the 
surface of the agar was brushed with a stiff camel-hair brush to loosen the 
spores. Five plates made approximately 1 pint of the spore suspension 
required for inoculation. 

Eppaiently equally effective methods of inoculation w’ere emploved. 
(1) The plants were sprayed with the spore suspension, placed in a nioist 
chamber for 24 to 48 hours, and then put in the open. (2) The plants were 
left in the open and were sprayed between sundown and dark. It was found 
that satisfactory infection could he obtained only in the late spring, summer, 
and early autumn. Satisfactory infection was not obtained if the plants 

were kept in the greenhouse following inoculation 

The plants were grown in 2-gallon glazed earthenware crocks and were 
inoculated when approximately 12 inches high. Repeated inoculations have 
the difference in reaction of seedlings and mature plants to 

experimental results 

testS L^Se'^rr^ inoculation experiment, 20 isolates of the fungus were 
The W rL Blue Rose, Caloro, and Blue Rose 41. 

cuW ^ ^ Uant susceptible to a 

wJre 7 to 0 mm T slowly enlarged until they 

appear before the ^ ^ resistant plant the lesions usually did not 

appear before the 18th day, and remained quite small. An intermediate 

topath. 30: 21.' specialization in Cercospora oryeae. (Abstract) Phy- 
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reaction was observed with some varieties when inoenlated with certain cnl- 
tiires ; on these varieties, which are being considered as moderately resistant, 
the inenbation period was 2-3 days longer than in the case of the snsceptible 
plants. The spots never exceeded -I— f the length of the lesions on suscep- 
tible plants. The results of this experiment (Table 1) show that at least 


TABLE l.~~MeacUon of 4 varieties of rice to 20 cultures of Cercospora orysae 


Race 

No. 

No. of 
cultures 
tested 

Host from 
which cultures 
were obtained 

Varieties inoculateda 

Blue Rose 

Blue Rose 41 

Portuna 

Caloro 

1 

5 

Blue Rose 

S 

R 

R 

R 


1 

Unknown 

S 

R 

R 

R 


1 1 

Delitus 

s 

R 

R 

R 


1 

Early Prolific 

s 

R 

R 

R 


2 i 

Blue Rose 41 ' 

s 

R 

R 

R 

2 

3 

Blue Rose 41 

MR 

S 

R 

R 


6 

Unknown 

MR 

S 

■ R' . 

R 

3 

1 

Caloro 

S 

R 

R 

S 


S = Susceptible j MB = Moderately Resistant ; R = Resistant. 


3 distinct pathogenic races of the fungus exist : race 1, to which Blue Eose 
was susceptible and Blue Eose 41, Portuna, and Caloro were resistant; race 
2 to which Blue Eose was moderately resistant, Blue Eose 41 was susceptible, 
and Portuna and Caloro were resistant; and race 3, which differed from the 
first in that Caloro was susceptible. 

Nineteen rice varieties were then inoculated with the 3 races of the 
fungus and with a number of other previously isolated cultures, in order to 
determine the number of physiologic races present in the various cultures, 
to select as few varieties as possible for use in identifying the different races, 
and to determine the reaction of the commercial rice varieties to be employed 
in breeding work. The varieties Blue Eose, Blue Eose 41, Portuna, Caloro, 
Colusa, Zenith, Delitus, and Southern Eed Eice proved useful in separating 
the several races. The varieties Eexoro, Nira, lola, Kameji, and Shoemed 
were resistant to all races of the fungus. The varieties Honduras, Edith, and 
Carolina Gold were susceptible to most races of the fungus. The variety 
Vintula was apparently not homozygous for resistance as a few of the indi- 
viduals were susceptible. 

Another series of inoculations was made on the same 8 varieties selected 
as race differentials in the earlier experiments. In all, 36 isolates of the 
fungus were tested for pathogenicity on these varieties. The results, sum- 
marized in table 2, show that 5 clear-cut races could be differentiated on the 
basis of the reaction of the rice varieties Blue Eose, Blue Eose 41, Portuna, 
and Caloro. When Colusa, Zenith, and Delitus were added as test varieties, 
race 1 could be fuurther subdivided into 5 subraces, race 2 into 3, and race 3 
into 6, making a total of 16 pathogenic races among the 36 isolates tested. 
It is probable that more races could be differentiated by the addition of more 
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a R =: resistant ; S = suseeptible ; MR =: moderately resistant, 
b Sontliern Red Rice was not tested with all cultures of this group. 



Eyker : Specialization in Cercospora 


varieties to the cliifereiitial hosts. However, for practical importance in 
plant breeding, the reaction of Fortnna, Blue Eose, Blue Eose 41, and Caloro 
is the most important. For this reason, the designation of races was made 
on the basis of these four varieties. It may be seen in table 2 that race 2-a 


Fig. 1, Reaction of rice varieties to three races of Cercospora oryzae. A. Race 1, 
B. Race 2, C. Race 3. Varieties reading from left to right: Fortnna, Blue Rose, Blue 
Rose 41, Caloro, Colusa, Zenith, and Delitus. 

differed somewhat from race 2 on Blue Eose and Caloro but this difference 
was not considered sufficient to make it a separate race. In figure 1 are 
shown the reactions of 7 test varieties to races 1, 2, and 3. 
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Attention should be called to the reaction of Southern Bed Eice, a very 
objectionable weed in commercial rice fields. In most fields it is resistant to 
Cercospora oryme, but where it has gained a foothold because of poor cul- 
tural practices it may become severely diseased because of the increase of the 
pathogenic race to which it is susceptible. 

SUMMARY 

The occurrence of 5 definite races of Cercospora oryzae and a number 
of others considered as sub-races, differing in pathogenicity on 8 differential 
host varieties, is reported. 

Certain rice varieties have been found resistant to all known races of the 
fungus. 

Blue Rose, the variety most widely planted in Louisiana, is susceptible to 
most of the races known to occur in the State. 

A selection of Blue Rose (Blue Rose 41) is resistant to race 1, the most 
common race in the rice-growing district of Louisiana. 

Department of Plant Pathology, 

Louisiana Agricultural Experiment Station, 

Baton Rouge, Louisiana. 


PHYTOPATHOLOGICAL NOTES 

A. Simple T ecJiThiQ^ue foT IsoldiMg SpoTes of Ydrious F%iugi froon Exposed 
Shdes Ml AeTohiologicdl Work.^ — One of the problems confronting aerobiolo- 
gists is that of identifying fungus spores found on exposed slides. It is rela- 
tively simple to identify spores of some fungi, such as Alternaria and Eel-^ 
mMitliosporvumj because the morphological characters are distinctive for the 
genus, but it often is impossible to make specific determinations even of such 
fungi. On the other hand, it is impossible to identify spores of many genera, 
such as Aspergillus bxA Femcillmm, on the basis of their morphological 
characters only. A method of determining the identity of spores caught on 
slides would be of great value in studies on wind dissemination of plant-dis- 
ease fungi as well as those that are allergenic to human beings. The writer 
has applied the following simple technique, which has aided to some extent 
in solving this problem. 

Under low power of the microscope, location of a spore or group of spores 
on the slide was marked with a crow-quill pen and India ink. Then the slide 
was inverted over a Van Tieghem cell and single spores were isolated by 
means of a micromanipulator, according to the method described by Hanna.^ 
If the spores germinated and produced sporulating cultures they could be 
identified because the manner of spore formation, an important character in 
the identification of fungi, was known. 

The writer first applied this technique in attempting to identify small, 
ovoid, brown spores, present in thousands on slides (3 sq. in.) that had been 
coated with vaseline and exposed to catch rust spores. The ovoid, brown 
spores, 5-9 p in diameter, germinated after they were isolated by the above 
method. Since, on germinating, they produced promycelia with hyphal 
branches, it was concluded that they were spores of one of the loose smuts, 
either Ustilago mtda or U. tritici. Since then, the spores of many other 
fungi, including Penicillium, Aspergillus, Trichoderma, Cephalosporium, 
Pusarium (micro-conidia), Cladosporium, Bhizopus, and Pleospora, have 
been isolated and similarly identified. The spores of none of the above fungi 
are morphologically distinctive enough to enable one to identify them with 
any degree of certainty, yet it is relatively simple to identify cultures of 
these fungi. 

Obviously, the method described has limits within which it can be used. 
The spores to be identified must be viable and capable of growing on arti- 
ficial media, and the cultures must sporulate in order to make possible the 
identification. The writer has had little difficulty in getting isolated spores 
to germinate, although some of them failed to do so. The length of time 
between exposure of slide and attempts to germinate spores is an important 

1 Paper No. 2029 of the Scientific Journal Series, Minnesota Agricultural Experiment 
Station, 

2 Hanna, W. E. A simple apparatus for isolating single spores. Phytopath. 18 : 
1017-1021. 1928. 
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factor; yet, smut spores on slides 3 montlis old "were \'iable, and spores of 
Fusarium were viable as long as a moiitli after exposure ot the slide. Only 
a few of the cultures obtained from the slides failed to sporulate. 

The advantages of using the method described T*ather tlian that of wash- 
ing the spores from a slide with sterile w^ater and then making dilution 
plates, is that the identity of a particular spore or gi'oiip oi‘ sf)ores can be 
determined by this method. Furthermore, the diffiiulty of having shnv- 
growing fungi obscured by fast-growing forms is avoided. — W, J. ]\[AKT:rY, 
University Farm, St. Paul, Minnesota. 

Distribution of Bemvveria bassimia Ofi Elm Insects in the United 
— In 1941 and 1942 a survey was made for the presence of Bcauveria hassiana 
(Bals.) VuilL on species of insects found on elms. In 1941, Charles^ re- 
ported its occurrence on Scolytus midtistriadus Marsh am in Xew Jersey. 
The occurrence of B. bassiama in Pennsylvania and New Hampshire is re- 
corded in this report. In addition, the fungus has been isolated from the 
adults of several additional elm insects, namely, Hyhirgopinus rufipes 
(Eich.), Magdalis barbita (Say), M. armicollis (Say), Saperda iridoitata 
Oliv., and Tremex columba (L.). All but the latter are elm borers or bark 
beetles. Hylurgopimis rufipes (Eich.) is considered the next most impor- 
tant to S. multistriatus in transmitting the Dutch elm disease pathogen. 
Ceratostomella ulmi has been isolated from the other insects listed, except 
Tremex cohimba (L.), but they are not at this time considered important in 
the dissemination of the pathogen. 

The distribution of Beauveria bassiwna and the insect hosts of the fungus 
as determined in this study are recorded in table 1. Negative results are 
included to indicate species collected and range and extent of collections. 
In all eases, identification was made on the basis of cultural characters after 
careful comparison wdth an authentic strain of B, hassiana.'^ 

The above table reveals that approximately 3 per cent of all insects cul- 
tured carried Bemiverm hassiana. As these insects were cultured by the 
method found useful in isolating Ceratostomella tdm% it is likely tliat a more 
suitable method for obtaining B. hassiana would have yielded a higher 
percentage. 

The Charles cheek lisU reported Beauveria bassiama from Maine to 
Florida and from the Atlantic to the Pacific Coast States. Twenty-iiine 
species or insect groups were given as hosts for B. hassiana from 17 States 
besides the District of Columbia, Canada, and the Dominican Eepiiblie, 
The present report also indicates that B. hassiana is widely distributed and 
found on numerous hosts. That it has not been reported previously in some 
of the States and on many other insects is undoubtedly due to the lack of 

1 Charles, Vera K. A preliminary check list of the entomogeiions fungi of North 
America. Insect Pest Surv. Bull. 21: suppl. to No, 9, 707-785. 1941. 

2 Por comparative study an authentic strain of B. hctssiana was supplied Uy E. O. 
Rex and E. E. McCoy of the New Jersey State Department of Agriculture 

3 See footnote 1. ^ 
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TABLE 1. Geogra'pMeal distribution of Beauveria bassiana on elm insects cultured 
in 1941-4^ at the Forest Pathology Field Laboratory, Morristown, N, J, 


Insects from 

Host 

Number of insects 

Percent- 

age 

positive 

Cultured 

Positive 

District of Columbia 

Seolytus multistriatus Marsham 

14 

0 


Indianaa 

do 

94 

0 


Kentucky 

do 

19 

0 


Maryland 

do 

40 

0 


do 

Plat y soma coarctatum Lee. 

4 

0 


Massachusetts 

8. multistriatus Marsham 

8 

0 


do 

Hylurgopinus rufipes (Eieh.) 

17 

3 

17.6 

New Hampshire 

do 

92 

12 

13.0 

New Jersey 

do 

1377 

39 

2.8 

do 

8. multistriatus Marsham 

3647 

95 

2.6 

do 

Magdalis barbita (Say) 

87 

1 

1.1 

do 

M. armicolUs (Say) 

24 

1 

4.2 

do 

8aperda trident ata Oliv. 

2 

0 


do 

Tremex columba (L.) 

1 

1 

100.0 

New Y'ork 

E. mfipes (Eieh.) 

70 : 

0 


do 

8aperda tridentata Oliv. 

20 

10 

50.0 

Ohio 

8. multistriatus Marsham 

43 

0 


Pennsylvania 

do 

52 

1 

1.9 

do 

E. rufipes (Eieh.) 

15 

3 


Virginia 

8. multistriatus Marsham 

12 

2 

16.6 

Vermont 

E. rufipes (Eieh.) 

18 

0 



Total 

5656 

168 

3.0 


a One ease of B. bassiana was observed but attempts to isolate the organism in pure 
culture failed. 


attempts to find it, or that insufficient numbers of insects have been cultured 
to reveal its presence.— Paul V. Mook and D. 0. Wolpenbarger, Division 
of Forest Pathology, Bureau of Plant Industry, and Division of Forest 
Insect Investigations, Bureau of Entomology and Plant Quarantine, IT. S. 
Department of Agriculture, Cooperating. 

Effect of Cyanide on Synthesis of Bing-Spot and Mosaic Viruses in 
Tolacco} — Eing-spot virus {Annulus tabaci H.), and tobacco-mosaic virus 
{Marmor tabaci H.), differ markedly in their stabilities and chemical proper- 
ties.^ Because of these differences it was of interest to compare the effects 
of cyanide on the two viruses in vivo. Preliminary tests indicated that 
treatments that inhibited synthesis of tobacco-mosaic protein^ also blocked 
the formation of ring-spot protein. Further studies have aided in eluci- 
dating the fundamental processes involved in the multiplication of these 
viruses in living cells and are suggestive with respect to the nature of the 
^ ‘ acquired immunity ^ ^ that develops following infection with ring spot. 

Experiments were conducted with an inbred strain of Nicotiana tabacum 
L. var. Turkish, which shows considerable necrosis following ring-spot infec- 

1 Scientific Paper Number A34, Contribution No. 18fi5, of the Maryland Agricultural 
Experiment Station (Department of Botany) . ' 

2 Stanley, W. M. The isolation and properties of tobacco ring spot virus. Jour. Biol. 
Chem. 129 : 405-4?8. 1939. 

3 Woods, M. W. Eeversible inhibition of tobacco mosaic virus in living cells with 
0.0002 molar sodium cyanide. Science 91: 295-296. 1940. 
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tion, a Maryland commercial strain of N. talacum, which likewise responds 
necrotically to ring spot, and a vegetatiTely propagated hybrid clone derived 
from Turkish tobacco and N. gUitinosa, This hybrid carries Holmes’^ 
dominant gene for necrotic response to tobacco-mosaic virus, but is only 
slightly necrotized by ring spot. Strains of green- and yellow-mosaic viruses, 
used in previous work,^ were employed. The ring-spot virus was obtained 
two years ago from W. C. Price and has been maintained in Turkish tobacco. 
To avoid variability due to genetic or physiological factors, single test leaves 
were cut into sectors and each sector exposed to a^particular treatment. Im- 
mediately after inoculation, leaf sectors were floated, dorsal surface up, on 
appropriate solutions in shallow (1 cm.) dishes for at least 12 to 14 hours 
before cyanide treatments were begun. Nutrient solutions, with or without 
cyanide, were supplied from 22-1. bottles by constant drip from capillary 
tubes. All tests were run in the greenhouse under conditions favorable for 
growth of tobacco. Four set-ups, each aceommodating 8 leaf sectors, were 
employed. At least 4 leaves were exposed to each treatment. It was thus 
possible to follow simultaneously the development of lesions induced by 2 
viruses in a single leaf under 4 different sets of expeiumental conditions. 
Results were readily reproducible. 0.00015 to 0.0003 molar KGN reversibly 
blocks from 50 to 80 per cent of respiration in the tobacco leaf,® and 
reversibly inhibits the synthesis of tobacco mosaic virus protein.^ The 
same concentrations were found to inhibit the development of primary 
lesions of ring spot. Since the formation of necrotic areas in ring spot is 
markedly influenced by the environment^ the development of visible lesions 

TABLE 1. — Effect of alternating treatments ivitJi O.OOOS molar KGN on time of 
appearance of primary lesions of ring spot and tivo strains of tobacco mosaic ^ with and 
without external nitrogen supply. Cyanide treatments discontinued 65^ hours after inocu- 
lation in mosaic experiments and 9^ hours after inoculation in ring-spot experiment 


Average number of lesions visible per square ineli 



100 p.p.m. of N 
no KCH 

100 p.p.m. of N ; 
0.0003 M. KCN 

Minus N j 
no KCN 

Minus N ; 
0.0003 M. KCN 


Hours after 

Hours after 

Hours after 

Hours after 


inoculation 

inoculation 

inoculation 

inoculation 


65 

141 

65 

141 

65 

141 

65 

141 

Green mosaic 

20.6 

25.8 

5.1 

25.2 

14.2 

20.7 

7.0 

29.8 

Yellow mosaic ...... 

10.3 

15.5 

1.6 

20.1 

10.4 

12.7 

2.3 : 

17.0 

Eing spotb 

20.9 

26.2 

7.6 

21.0 

21.6 

27.1 

11.5 

26.1 


a Mosaic tests in N, tabacumxN. glutinosa hybrid and ring-spot tests in JSf. tabaeum. 
bEing-spot lesion counts made 98 and 164 hours after inoculation instead of 65 and 
141 hours, respectively. 


> Holmes, E. 0. Genes affecting response of Nicotiana tabaeum hybrids to tobacco 
mosaic virus. Science 85: 104-105. 1937. 

5 Woods, M. W., and H. G. DuBuy. Synthesis of tobacco mosaic virus protein in 
relation to leaf chromoprotein and cell metabolism. Phytopath, SI : 978-990. 1941 , 

6 Woods, M. W., and H. G. DuBuy. The effect of tobacco mosaic virus on cellular 
respiration. Phytopath. 32 : 288-302. 1942. 

7 Woods, M. W. Cellular changes in ring-spot. Contrib. Boyce Thompson Inst. 6: 
51-67. 1934. 
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alone cannot be taken as tbe only criterion of virus formation. Biological 
assays for virus (local lesion counts on Turkish tobacco half leaves), how- 
ever, demonstrated that cyanide not only suppresses necrosis in ring spot 
(Pig. 1), but actually inhibits synthesis of virus as well. For example, in 
one experiment with Nicotiana tahaciim, in which the ring-spot-inoculated 
sectors were treated with 0.0003 molar KCN for 24.0 per cent of the total 
time, a 55 per cent reduction in virus titre occurred. In another similar 
test these values were 22 per cent and 41 per cent, respectively. The retard- 
ing effect of cyanide on deyelopment of primary lesions induced by ring spot, 
and the two strains of tobacco mosaic, are illustrated in table 1. This 
retarding effect is reversible as evidenced by enlargement of the lesions 
(Pig. 1) and the rise in virus titre following cessation of treatments with 
KCN. The same concentrations of cyanide also block the and 
systems'^ of oxygen respiration. 


Fig. 1. Influence of KCN on development of primary lesions of ring spot in Nico- 
tiana ialacum. A-D. Four sectors in one leaf of Turkish tobacco 95 hours after inocula- 
tion. A. 0.0003 molar KCN applied at night only. B. No cyanide. 0. 0.0003 molar 
KCN applied by day only. D. No cyanide. E. Maryland commercial tobacco, untreated, 
98 hours after inoculation. F. Same sector as in E, but 167 hours after inoculation. 
G. Sector of same leaf as in E, 98 hours after inoculation, but including 35 hours of treat- 
ment with 0,0003 molar KCN. H. Same sector as in G, 167 hours after inoculation and 
65 hours after cessation of cyanide treatments. 


Wheu cyauide was administered at night only rmg-s'pot lesions were 
much less necrotic and of lower virus titre than in the controls (not 
Cj Glided), or in leaf sectors treated with cyanide during the day only. In 
some instances complete masking of symptoms resulted (Pig. 1). Such 
^^protected’' infected tissues continued to resist necrosis following cessation 
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of cyanide treatments. In sectors treated with cyanide iy day only (Pig, 1), 
necrotic lesions appeared but were retarded in relation to iioiitreated con- 
trols and had a reduced virus titre. These results support an earlier con- 
tention^ that cells invaded by ring-spot virus by day resist necrosis more 
than cells infected at night. Both strains of mosaic virus, however, induced 
more prominent lesions (in all hosts) when synthesized by day. 

Whereas, an external supply of NO 3 (50 p.p.m. of N) tended to reduce 
necrosis in Turkish tobacco leaves infected with ring spot it stimulated the 
necrotic action of yellow-mosaic virus in the same leaves, but reduced the 
amount of peripheral yellowing in the lesions. Such supplemental NO 3 
under the same conditions did not reduce necrosis induced b.y the latter 
virus in the N. talacnm-N. glutmosum hybrid, but markedly redueed the 
amount of peripheral chlorosis. In this same hybrid, cyanide inhibited 
the synthesis of ring-spot protein, but in some instances a secondary stimu- 
lation in virus synthesis occurred. For example, in one experiment sectors 
were treated once with KCN for a period of 23 hours, starting 23 hours after 
inoculation. One hundred and forty-six hours after cessation of cyanide 
treatment the virus titre was determined. The extract from the cyanide- 
treated sectors produced 606 lesions as against only 93 for the controls. 
Such marked secondary stimulation of ring-spot synthesis was not observed 
in the varieties of N. tahacuni and Avas not observed in these varieties with 
either strain of mosaic virus. The only observed prolonged alteration in the 
physiology of the hybrid tobacco leaves, following exposure to cyanide, 
was a marked reduction in the amount of brovm pigment formed by oxida- 
tion (polyphenol dehydrogenase system) of tivssues, wdiich were killed by 
the virus after cessation of cyanide treatments.— Ka-W. W. Woods, Maryland 
Agricultural Experiment Station, College Park, Maryland. 

Erwinia carotovora, the Came of a Soft Rot in Orchids, Cattleya sp. — 
Erwinia carotovora (Jones) Holland apparently has not been reported at- 
tacking Cattleya sp. In September, 1940, two New eJersey orchid growers 
called the attention of J. W. Bulger^ to a soft rot of cattleyas, obviously a 
pathological condition, and Dr. Bulger referred the material to the writers. 

Infected parts show a dull water-soaked condition that spreads rapidly. 
The color is darker green than normal, and may become black when a break 
in the epidermis exposes the mesophyll to the action of air. Leaves, pseudo- 
bulbs, and rhizomes may be infected. In the leaf, wrinkling of the epidermis 
follows collapse of the tissue (Pig. 1 ). An exudate is often present, which 
becomes very dark brown when dry. 

Tissue transfers from the margins of infected areas consistently yielded a 
white bacterium. Single-colony strains obtained by the dilution-plate 
method were made of the bacteria from both New Jersey sources. Inocula- 
tions of Cattleya mossiae and Cattleya sp. were made successfully in each of 

1 Bulger, J, W. Bureau of Entomology and Plant Quarantine, IT, S. Department of 
Agriculture. 
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6 trials in wMcli the host tissues were wounded by needle punctures. No 
infection resulted when the inoculum was applied on wound-free tissue or 
when the area inoculated was not covered by a film of water for 18 to 24 
hours following inoculation. Reisolations were made and successfully used 
in inoculation. 


Fig. 1. Cattleya plant with inoculated leaf drooping and wrinkled. Photo by J. W. 
Bulger. 

The bacteria from both sources were identical and are characterized as follows : 
Motile rods with peritrichiate flagella, forming white colonies, Grammegative, no spores, 
gelatin liquefied, producing indol and hydrogen sulphide, starch hydrolyzed slightly, re- 
ducing nitrates to nitrites, forming acid and gas in dextrose, lactose, sucrose, and man- 
nite, slight acid but no gas in glycerol, neither acid nor gas in maltose broth, and an acid 
curd in brom eresol purple milk. 

Definite decay of inoculated leaves usually can be observed 24 hours after 
inoculation. Complete involvement of the leaf occurs in 4 to 7 days at room 
temperature. The bacteria pass readily from the leaf to the pseudobulb and 
into the rhizome, causing the death of the plant. 
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Matsumoto and Okabe^ liave reported Erwinia caroiovora attacking 
Phalaenopsis sp. in Japan. They were successful also in inocnlating 
CypTipedium and CyMhidiuni. In addition to these orehids^ the writers have 
produced the disease on excised leaves of Oncidium. Odontoglossuni^ Brassa- 
vola, and Lochhariia by inoculation. 

The disease is said to occur in '‘spots’’ on the benches, and has not been 
observed by the writers on plants not mechanically injured. — ^Donald P. 
Limber and Bernard A. Friedman, Bureau of Entomology and Plant 
Quarantine, TJ. S. Department of Agriculture, Hoboken, N. J. 

A Leaf spot of HiUscus sp. Induced iy Phytomonas syringac.—WateT- 
soaked spots (Pig. 1, A) on the leaves of hibiscus were observed in a coastal 
city of California. These spots were 1-10 mm. in diameter, brown to black, 
and of a water-soaked appearance. A yellowish-green zone or halo ^vas some- 
times observed surrounding the necrotic area. The spots developed during 
the cool, rainy weather of winter on plants growdng near a house, under the 
drip of the eaves. With the coming of drier conditions, the disease ceased to 
spread. 

Cultures from the large neci'otic spots gave numerous colonies of bacteria 
in the dilution plates. Isolates from hibiscus yielded a wdiite opalescent 
growth so closely resembling that of the organism causing black pit of 
lemons that inoculations were made through wounds in lemon fruits. Black 
pits (Fig. 1, D) promptly developed from these inoculations. The resulting 
lesions resembled those caused by the citrus blast and black-pit organism, 
Phytomonas {Pseudomonas) syringae (Van Hall). Smith and Pawcettd 
and Smith^ have shown that a number of different organisms described under 
different names and from different hosts will produce pits on lemon fruits, 
and are organisms closely related to, if not identicah with, Phytomonas 
syringae. Eosen^ has described a blast of roses induced bj^ P. syringae that 
in his experiments infected lemon fruits. 

Inoculations through injuries on the leaves of hibiscus by isolates for the 
hibiscus leaf spot and isolates for lemon black pits caused typical lesions 
(Pig. 1, B and C) to form in healthy leaves of hibiscus. Leaves of lilac in- 
oculated with the hibiscus isolates also caused spots to develop typical of lilac 
blight. 

A leaf spot on Hibiscus sp, has been described from Japan by Nakata and 
Takimoto^ as caused by Bacterium hibisci. The Japanese disease is one that 

2 Matsumoto, T., and N. Okabe. On the causal organisms of the bacterial soft rot 
of Kotyo-ran, Phalaenopsis aphrodite Reiclib. Jour. Soe. Trop. Agr. (Formosa) 3: 117- 
134. 1931. 

1 Smith, Clayton 0., and Howard S. Fawcett. A comparative study of the citrus blast 
bacterium and some allied organisms. Jour. Agr. Bes. [TJ.S.] 41: 233-246. 1930. 

2 Smith, Clayton 0. Pseudomonas pnmioola and Bactermm citriputeale. Phyto- 
path. 21: 1091. 1931. 

sUosen, H. R. Rose blast induced by Phytomonas syringae. Jour. Asr. Res. rXT-S.l 
51: 235-243. 1935. 

■^Nakata, K., and S. Takimoto. Bacterial blight of hibiscus. Ann, Phytopath. Soc. 
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attacked the cotyledons and leaves. The leaf symptoms of the eJapanese and 
the California diseases agree in that the spots may have a halo. Inocula- 
tions by the Japanese scientists were successful only tlirough injuries. 

The morphological and cultural characteristics of Bdctcrnath h-ibisci and 
Phytomonas syrmgae, as published by Bryan, are very similar, the ehiet* 
difference being in the absence of capsules in Bact. Jubisci. Tin* Japanese 
scientists did not report the coagulation of milk. (It has been reported by 
Smith and Fawcett that the coagulation of milk by Phyt. synugae is iiot 
always to be observed.) Lee® and Smith* have each described Phyt. syriuyae 
under different names as a new species. Smith did not report capsules, and 
Lee noted that no capsules or spores were observed. Bryan, states tiiat a 
small capsule could be demonstrated by Ribbeiffis dahlia stain. Tln^ lii- 
biscus organism from California has a small capsule. A more critical com- 
parative study of the California and Japanese organisms may show them to 
be the same, and that they are not different from Phytomonas syrlnyac . — 
Claytok 0. Smith, University of California Citrus Experiment Station, 
Riverside, California. 

Japan 1: 13-19. 1923. (In Japanese with English summary.) Also see Bot. Abst. 14: 
862 1923 

5 Bryan, M. K. Lilac blight in the United States. Jour. Agr. Bes. flT.S.] 36: 225- 
235. 1928. 

6 Lee, H. A. A new bacterial citrus disease. Jour. Agr. Ees. [U. S.] 9: 1-8. 1917, 

7 Smith, Clayton O. Black pit of lemon. Phytopath. 3: 277-281. 1913. 


The official 1942 ballots of The American Phytopathologieal Society, 582 
in number, received by the Secretary, were opened and canvassed on Decem- 
ber 26 by a special committee appointed by President Hutchins. 

The following members received a majority vote for the respeetive offices : 
President, one year— J. C. Walker. 

Vice-President, one year — J. J. Christensen. 

Councilor, two years — J. 6 . Leach. 

The Committee : 

■ . C. C. Allison 

C. W. Ellett 
P oLKE Johnson 
W. G. Stover, Chairman 


BACTERIOLOGICAL STERILITY OF TISSUES DERIVED PROM 
SECONDARY CROWN-GALL TUMORS 

Arm IN G. Braun and PhilipE. White 
(Accepted for publication May 27, 1942) 

INTRODUCTION 

Phytomonas timief miens (Sniitli and Town.) Bergey et al,, upon inocu- 
lation into sunflower, Paris daisy, and probably other hosts as well, induces 
not only the production of primary tumors at the site of inoculation but also 
secondary tumors at points distant from the primary foci (2, 6, 9). These 
secondary tumors bear a superficial resemblance to the metastatic growths 
found in certain malignant animal neoplasia. The distribution of secondary 
growths, together with the morphological and cytological similarities of both 
primary and secondary crown-gall tumors to certain tumorous growths of 
animals and of man, has led to their frequent inclusion in discussions of 
neoplasia in general. 

Erwin P. Smith, wdio studied the crown-gall problem intensively for 
more than two decades, believed that Phytomonas tumefaciens was inti- 
mately bound up with the host cells, multiplied as the host cells multiplied, 
and was directly responsible for the continued development of the tumor. 
Most other workers in the field have concurred in this view, although not 
always agreeing -with Smith as to the exact position of the bacteria in the 
host tissue. 

Although Phytomonas tumefacieois is known to initiate tumor formation 
in plants, this organism has not always been isolated from old primary 
tumors. It can seldom be obtained from secondary tumors in the sunflow’-er 
even after special effort. This has led certain -workers to question the 
necessity of the continued presence of bacteria for the continued prolifera- 
tion of the host tissue and to postulate that the host cells involved may some- 
times acquire a capacity for autonomous growth. 

Studies on the question of autonomy of crown-gall cells have been com- 
plicated in the past by the fact that sterile tumor tissue was not readily 
available. Primary tumors usually contain, in addition to the causal agent 
of the disease, saprophytic organisms of many kinds. Recently, however, 
the writers of this paper have submitted evidence (8, 9) that bacteria-free 
tumor tissue can be secured from the nodular secondary tumors of sunflower 
plants, and that this tissue is capable of autonomous neoplastic growth both 
in vivo and in vitro. 

Clones of tissue cultures isolated from 10 metastatic tumors were sub- 
jected to careful study. Although derived from different tumors, all showed 
similar morphological and cytological characteristics which differentiated 
them sharply from cambial or proeambial tissue cultures isolated from 
healthy sunflower plants. The normal plant tissues grew in culture very 
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slowly, were usually green in color, and often developed roots. They showed 
considerable internal structural organization, evidencing a fairly proiioiiiieed 
response to the morpliogenetic restraints characteristic of the saine tissues 
when growing in situ. The tumor-tissue cultures, on the other hand, showed 
a high degree of independence. They grew veiy rapidly, were glistening 
white, and never developed roots. Internally they were coniposed mostly of 
parench^nnatous tissue with scattered sealariforin elements that never In^- 
came organized into any coherent system. While cidtures of healthy sun- 
flower tissue increased in volume about 250 times in slightly more than a 
year, the tumor-tissue cultures showed a theoretical increast^ of a huntlred 
million million times during the same period. Moreover, these tumor tissues 
retained undiminished their tumor-inducing capacity for more than a year. 
The tissue has been successfully transplanted from sunfloAver to the closely 
related Jerusalem artichoke and back again to sunfloAver plants, producing 
characteristic tumors in both hosts. The gross structure and histological 
picture presented by these transplant tumors AA^ere similar to those of the 
galls produced by Pliytomonas tumef miens. No tumors Avere ever produced 
Avhen cultures of healthy tissues were similarly treated. 

The cells of secondary eroAvn-gall tumors behave, then, like malignant 
animal cells in several respects. They maintain an uncontrolled groActh in 
the initial host. They can be transplanted successfully to other plants of the 
same or of closely related species AAuthout change in behavior. They retain 
these characteristics of uncontrolled autonomous groAvth, probably indefi- 
nitely, Avhen grown both in vivo and in vitro. 

It is the purpose of this paper to outline in detail the evidence upon 
which is based the conclusion that these autonomous and potentially malig- 
nant tissues are, in fact, free of Phytomonas tumef adens. 

METHODS 

Most of the present study is based on tissue cultures isolated from the 
nodular secondary tumors developed aboA^e the site of the primary tumor on 
sunflower plants (Pig. 1). Plants of sunflower (Helianthus anmms L. var. 
Giant Russian) were grown in compost soil in 4-ineh pots and w^ere kept on 
the greenhouse bench throughout the course of the experiments. When they 
had reached a height of 9 to 12 inches, they were inoculated AAuth the highly 
virulent Ae strain of Phytomonas tumef adens. Inoculations were alAvays 
made by needle puncture into an internode at a distance of not less than 3 
inches from the apical bud. Primary tumors developed in all inoculated 
plants, followed in about 60 per cent of the eases by metastatic secondary 
tumors. It was felt that a thoroughgoing attempt to obtain bacteria from 
secondary-tumor tissues or eAudence of the presence of bacteria in such 
tissues should be made. 

When the nodular secondary tumors had growu to the size of a small pea, 
xisually 5 to 6 weeks after inoculation, they Avere sacrificed. Tissue from 
such growths Avas isolated and grown in vitro according to methods described 
elsewhere. 
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Fig. 1. A. Primary tumor formed at the point of inoculation in a sunflower plant. 
B. ISToduIar secondary tumor located 2 nodes above the primary tumor. The tissue com- 
posing this type of nodular overgrowth is generally free of bacteria. C. Bacteria-free 
tumor-tissue culture originally derived from a fragment of a secondary tumor similar to 
that shown at B. D. Tumor produced on a sunflower stem by the implantation and growth 
of a small fragment of a bacteria-free tumor-tissue culture. Note the similarity in struc- 
ture between the bacteria-free tumor at D and the baeteria-eontaining tumor at A, (Pho- 
tograph by J. A. Carlile.) 
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Bacteriological tests were applied to: (1) tissue fresiily isolateil irum 
various regions of infected plants; (2) tissue eultures deriveil iroin one 
secondary tumor after 5, 10, 15, 20, and 25 passages in nfro and at various 
miscellaneous intervals between, tissue cultures derived from one additional 
tumor after 16 passages in vitro^ and tissue eultures from 8 other secondary 
tumors after 9 passages in vitro; (3) tissue isolated from second-generation 
tumors produced by implanting tissue eultures in new hosts. Th(\se totaled 
about 1250 tests. Serological tests were applied to tissue cultures of the first 
group mentioned above after they had been maintained for 10 or more 
passages in vitro. These employed 125 cultures. About 1000 tissue (mltures, 
mostly of this first group, Avere maintained for periods of 2 Aveeks or more 
groAving on a nutrient suitable for the isolation of croAvu-gall ])acteria. 
Grafting experiments in Avhieh about 700 tissue eultures Avere used constitute 
a 4th type of test the results of Avhieh bear on the cpiestion of the bacteriologi- 
cal sterility of secondaiy tumors and materials derived therefrom. Addi- 
tional special tests also were made on a fcAV tissue cultnres and Avill be out- 
lined later. In all, the results of a total somewhat more than 2000 tests of 
various kinds are included in the present paper. 

RESULTS 

Bacteriological Tests 

Kecovei^y of Phytomonas timefaciens from certain types of tumor tissue 
is considered difficult, and the need for applying suitable methods Avheii 
attempting to isolate this organism has frequently been emphasized. CroAvn- 
gall bacteria are considered present in pockets scattered throughont the 
tumor tissue. Success in isolation Avould therefore appear to depend in large 
measure on the method used to release the bacteria from these pockets. A 
thorough trituration of the tissue is obviously important. This Avas ac- 
complished either by tearing with sterile needles, by grinding the material 
in a sterile mortar, or by crushing it in a sterile test tube Avith tlie aid of a 
glass rod. A few milliliters of nutrient-dextrose broth, potato-dextrose 
broth, or yeast-water-mannitol broth Avere added before crushing the tissues. 
The thoroughly triturated tissue Avas permitted to incubate at room tem- 
perature for periods ranging foom 1 to 8 hours or longer. The tissue sus- 
pensions were then pipetted into sterile Petri plates and the desired agar 
media added. The plates were rotated in the usual manner to insure uniform 
distribution of the tissue. All plates Avere incubated at 25° C. for at least 
3 weeks before being discarded. 

Bacterial Flora of Tissue Freshly Isolated from Various Regions of In- 
fected Plants. Fragments of tissue were excised aseptically from A^arious 
regions of sunflower plants carrying Avell established infections of Phyto- 
monas tumefaciens. These were triturated in media suitable for the isolation 
of this organism. Plates Avere incubated either until eroAAui-gall organisms 
appeared or until they had remained sterile for at least 3 Aveeks. The results 
are shown in table 1. Primary tumors Avere 100 per cent positive. The 
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incidence of crown-gall bacteria decreased rapidly from the primary tumors 
upward so that, while secondary tumors at the first node above the primary 
were positive in 83 per cent of the 35 cases tested, tumors at higher sites were 
positive ill only 4 per cent of the 181 cases tested. Apparently healthy 
tissues showed almost as high an incidence of infection, indicating that this 
4 per cent might be looked upon as due to chance contaminants having no 
clear causal relation to the incidence of tumors. Secondary tumors at 
distances of more than one node from the primary were free of bacteria in 
by far the majority of eases. 

This observation, although contrary to the usually accepted idea, is 
entirely consonant with Erwin P, Smith's observations. In his 1912 paper 
(7) he records, for plant No. 1 (Paris daisy), 20 plates from 3 secondary 
tumors and 21 plates from 3 ‘ ^ tumor strands" all negative. From plant VII 
he records an unspecified number of plates from 4 secondary tumors and 7 


TABLE 1. — Incidence of crown-gall hacteria in different regions of infected 

sunflower plants 




Secondary tumors 

Apparently 


■ 

Primary 

tumors 

Located at 

1st node 
above pri- 
mary tumor 

Located at 
2nd, 3rd, and 
4tli nodes 
above pri- 
mary tumor 

bealtby tissues 
at a distance 
of 6-12 inches 
above the pri- 
mary tumor 

Total 

Nuniher tested 

100 

35 

181 

100 

416 

P. tumefaeiens iso- 
lated from 

100 i 

29 

7 

2a 


Per cent infected 
witli P. iimefa- 
dens 

100 

83 

4 

, 2 



H Each i)late contained a single colony of P. tumefaeiens. 


tubes from 2 tumor strands, likewise all negative. From plant XIV he 
records an unspecified number of plates from a single ruptured tumor of 
which ‘^a few" wnre positive. Specific tests from other plants were not 
recorded. Out of 13 secondary tumors and tumor strands tested, 12 thus 
appeared to be bacteria-free. While Smith attributed this to faulty tech- 
nique and to the refractory nature of crown-gall bacteria, he did so ap- 
parently on the unproved assumption that tumefaction can occur only in the 
presence of bacteria. The actual observations are equally consonant with 
the alternative interpretation that the bacteria were not and had not been 
present in these regions. 

Bacterial Flora of Tissue Cultures from Secondary Tumors, The meth- 
ods used in isolating tissue for in vitro cultivation were similar to those 
employed for the isolation of crown-gall organisms except that the tissues 
were not triturated. Fragments of tissue were excised under aseptic pre- 
cautions. No disinfectant of any kind was employed. The epidermis was 
first stripped off carefully. Tissue was then removed with a sharp scalpel 



90 


Phytopathology 


: : i .1 


'I h,- 1 
j,; 'l;! 


Hi'" i I 'IS! 

C; ' ; ,i 

! ,i ^1' . 
-i.’ 'll: 




JL. a-ix XVAA jriXXXUiJVJU X [VOL 33 

or a_ surgeon’s ear curette. The fragments were placed on a semi-solid 
nutrient suitable for the growth of both excised plant tissues and .u-own-o-all 
organisms. This consisted of White’s glyeine-thiamin-suerose luitrient-Hlt 
solution to which 0.6 per cent of thoroughly leached agar was added Fifty 
ml. of this nutrient was placed in 125-ml. Brleiimeyer flasks. Cultures tliat, 
in the first passage, developed contaminations either of Phytomonm tume- 
tacims or of air-borne or water-borne saprophytes (see above) were dis- 
car ed, and only tiiose that appeared sterile were used for further .study. 
Cultures were divided at the end of each 2-week period until clone, s of the 
desired number of cultures were built up. Clones of tumor tis.sue were thus 
established from 10 secondary tumors. Bight clones have been carried for 
more than 9 passages, one clone for more than 16 passages, and another clone 
IS now (Map^, 1942) m the 30th passage. Cultures have remained for a 
minimum of 2 weeks in each passage in intimate contact, both at intact and 
res y cu surfaces, with a nutrient capable of supporting growth of 

luTirtr f 1000 cultures have been so maintained. 

In all these tests, P. tumefaciens has, after the first passage, never appeared 
on a single culture. ' i i-'-w'-n 

The nutrient used, however, has a pH reading of about 5.5. This is 
below the optimum for the initiation of growth by very small numbers of 
the Cl own-gall organism. It was important, therefore, to extend these tests 
by the use of special methods better adapted to the detection of .small num- 
bers of organisms or of organisms in a semi-dormant state. A method for 

this work was developed as follows. 

Pure cultures of PJiytomonas tumefaciens were streaked on nutrient agar 
plates and incubated at 25“ C. for 21 days, so as to bring thein iiAo a 
negative and, hence, semi-dormant growth phase approxiinatin«- the eondi- 

sh V lansf erred from these aged cultures into sterile tap water and 

shaken vigorously to break up the bacterial clumps. Dilutions were made 
and varying numbers of bacteria were introduced into the various broth 
media to be tested. To simulate the effects that the presence of sunflower 
might have the initiation ot bacterial growth, a email, finch- ..roimd 
nmor-tene culture waa added each tube of broth under aceuKc crdt 
tioim. For eveir tube inoculated with bacteria and tumor tisme, 2 tube.t 
wei e inoculated with tumor tissue alone as controls. 

m-od” tabes inoculated with tumor tissue alone never 

produced srowa that could be identified as Fkytomona. tumefacien. T. be 
of nutrient-dertrose broth plus 0.1 per cent agar containing tumor tismiTto 

bactoWoMrt” ta™ “ta added regularly produced 

oacterial „rowth. This medium is therefore suiMk for the initiation ot 

fissm ereto” “ “ 

X U. lx’ 1 used 111 most subsequent experimental wwk Po 

tato-dextrose broth and yeast-water mannitol broth also were found to favor' 
growth from small numbers of bacteria bn. were employed S 


TABLE 2. — Occurrence of molds and hacteria in tissue cultures from secondary crown-gall tumors 
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Bacteria and molds were not distinguislied in the record of this group. 
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In any bacteriological study contaminations do, of course, occasionally 
occur. Bacterial colonies occasionally appeared on plates poured from broth 
inoculated with tumor tissue. When this happened, colonies from such plates 
were always reinoculated into young sunflower or tomato plants, even wdieii 
their appearance showed clearly that Phytomonas tumefaciens was not their 
major constituent. When crown-gall organisms are inoculated into these 
hosts, tumors are always produced so that such a test furnishes a positive 
means of identifying the bacteria if they are P. Umiefaeiens, 

Tests on tumor-tissue cultures, using these methods, gave the results 
shown in table 2. Out of 807 cultures tested 91 -were contaminated, Jh) with 
molds and 52 with bacteria. All bacteria, however, proved to be secondary 
invaders not identifiable as Phytomonas iiimefacienSy since in no ease did 
they produce tumors when inoculated into young tomato i:)lants. Six per 
cent of the tumor-tissue cultures tested w^ere contaminated with bacteria. 
While this appears to be a relatively high percentage of contamination, it 
should be recalled that during trituration the tissues often remained exposed 
to the laboratory air for several minutes. We believe that in some instances, 
at least, contamination resulted during this period of exposure. This belief 
seems justified by the fact that frequently only one bacterial or mold colony 
appeared on the plates. In at least 3 instances, ho-wever, the tissues ap- 
parently became contaminated during cultivation in the tissue-culture flasks. 
On December 5, 1941, one group of old cultures of the H 7 clone used in most 
of this work was suspected, because of the slimy appearance of some of its 
members, of harboring bacteria. These cultures represented a group origi- 
nally set aside for some special experiments and left in the flasks wdthout 
being transferred for 4 to 6 weeks instead of being transferred at 2-week 
intervals. The 314 cultures comprising this group w^ere, therefore, all tested 
bacteriologically. Thirty-two were found contaminated. Of these, all con- 
tained the same large, slow^-growing, spore-forming bacterium. It appears 
likely that this organism had been introduced into a single culture at an 
earlier date and that it had become spread throughout this groxip during the 
division and transfer of the contaminated tissue. Similar results were ob- 
tained when the 2 A and 22 B clones, each consisting of 5 cultures, w^ere 
tested. 

Nutrient-dextrose, potato-dextrose, and yeast-water-mannitol broths con- 
taining 0.1 per cent agar and finely ground tumor tissues have been shown 
by us to permit the initiation of growth by very small numbers of bacterial 
cells. These broths were, therefore, used in still further cheeks on the 
presence of Phytomonas htmefaciens in the tissues. Thirty tumor- tissue 
cultures were ground separately in sterile mortars, each with a few ml. of 
the desired broth. The tissue suspensions were then pipetted under aseptic 
conditions into test tubes containing either nutrient-dextrose, potato-dex- 
trose, potato-dextrose plus 1 per cent yeast water, or yeast- water mannitol 
broths. Some of the tubes of each set w^ere so slanted as to expose a large sur- 
face of the liquid to the air; others were kept upright and, consequently, had 
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only a small surface exposed. The results after a 6-week incubation period 
at 25° C. showed all but 3 of the 131 tubes sterile. One of the potato-dextrose- 
broth tubes was contaminated with mold, while 2 of the nutrient-dextrose- 
broth tubes were contaminated with a slow-growing rod-shape organism that 
formed long chains in the broth. These bacteria were inoculated to tomato 
plants, but no tumors resulted. The plants were discarded after 4 weeks. 

Since the conventional methods of isolating Fhytomonas tumefaciens 
failed to demonstrate the presence of this organism in the tumor-tissue cul- 
tures, still another method was tried. Ten tumor-tissue cultures \vere cut 
into sections about 100 p in thickness. These tissue slices were aseptically 
transferred to solidified nutrient-dextrose agar and potato-dextrose agar in 
Petri plates. Bacteria-containing primary-tumor tissues from sunflower 
plants were similarly treated. The 50 slices of primary-tumor tissues yielded 
cultures of the crown-gall organism in every instance, while all of the more 
than 200 slices of the secondary-tumor tissue cultures remained sterile. 
These sterile tissue slices, in many instances, grew quite well on the potato- 
dextrose agar, and after a period of one month typical masses of tumor 
tissue were found. 

Bacterial Flora of Second Generation Galls Produced on Sunflowe7^s ly 
Implantation of Timior-tissue Cultures. One of the procedures used in 
studying the autonomy of tissue cultures has been the implantation of pieces 
of tissue under the bark of young healthy sunflower plants, either as small 
masses containing viable tumor cells or as triturated debris. Since the 
bringing of bacteria or bacteria-containing tissue in contact with a wounded 
susceptible suiTace of a suitable host plant regularly results in the produc- 
tion of a tumor, every graft of this sort that fails to produce a tumor con- 
stitutes evidence of the bacterial sterility of the tissue used. The converse 
is, however, not true, as we have shown elsewhere (10). Out of a total of 
about 800 such grafts carried out in the past year, about 650 have xorodueed 
no tumors, showing that the tissues used were free of demonstrable tumef aci- 
ent agents and, hence, free of viable crown-gall organisms. 

Tumors are, as we have shown elsewhere, produced in a considerable 
percentage of cases upon implantation of . tumor-tissue cultures. Tissue taken 
from such a second-generation tumor was ground in beef-extract peptone- 
dextrose broth, incubated for 2 hours, and then plated (5 plates) on beef- 
extract peptone-dextrose agar. One plate developed a spreader type of 
bacterial colony (not Phytomonas tumefaciens). The other 4 remained 
sterile. Eleven isolations of tumor tissue were made from a second old and 
partly necrotic second-generation tumor and placed on White’s glycine- 
thiamin agar nutrient. Six developed bacterial contaminants, but none of 
these produced tumors on inoculation into tomato plants. 

These results, although meager, are consistent with the rest in demon- 
strating that second-generation tumors as well as most secondary tumors and 
all tissue cultures are free of crown-gall bacteria by all bacteriological 
methods used. 
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Serological Tests 

Since bacteriological tests by several methods failed to reveal crown-gall 
organisms in tumor-tissue cultures derived from secondaxy tumors, sei’oiogi- 
cal tests were applied as a further check on the presence of the crown-gall 
bacteria in these tissues. Rabbits weighing about 2000 g. were used. All 
were bled at the beginning of the experiment and their sera showui to be free 

agglutinins for the stx’ain of Phytonionas tunief adens used in this woi’k. 
Two rabbits were injected at spaced intervals with tumor tissues that had 
been maintained in vitro for at least 15 passages. As checks, 2 additional 
rabbits were injected with primary-tumor tissue that was about one month 
old and was known to contain the crown-gall organism. The antigen.s used 
foi injection in both eases Avere px*epared by thoroughly grinding 3 g. of 
tumor tissue together with sterile saline (0.85 per cent NaCl) in a mortar. 
The suspensions were then filtered through a 60-mesh wire sieve and injected 
intraperitoneally in 5-cc. doses, except for the first injection in which 2 ce. 
were used. Twelve injections were given at 4-day intervals and the rabbits 
were bled 8 days after the last injection. Trial bleedings revealed that the 
maximum titre against the croAvn-gall organism in the baeteria-eontaining 
tumor tissue was reached after the 9tli injection, no increase in titre being 
observed during the last 3 injections. A saline suspension of a 36-hour 
nutrient dextrose agar culture was used as the test antigen. Agglutination 
tests showed that the sera of rabbits injected with the baeteria-eontaining 
primary tumor tissues had titres against the Ae strain of P. timiefaciens 
of 1-180 and 1-320, respectively. The other two sera, prepared by injecting 
ground-up tumor-tissue cultures into rabbits, did not react against the crown- 
gall organism even at serum dilutions as low as 1 : 1. Complement-fixation 
tests in which formolized bacillary suspensions of the Ae strain of P. 
timefaaens were used as te,st antigens fully confirmed the results of the 
agglutination tests. 

Special Tests 

The Question of FMerable Forms. The possibility that some morpho- 
logical variant of Pkytomonas tumefaciens other than the normal rod- 
shape organism may have been present in the tissues must also be con- 
sidered. Levine (5), working with 3-month-old cultures of this organism 
observed amorphous masses of protoplasm similar to the symplasm described 
by other workers. He also found in these cultures minute spherical bodies 
famtly-staining cocci, and slender filamentous elements. These observations' 
he believed, supported the idea of there being a life cycle in these bacteria.' 
D Herelle and Peyre (4) suggested that a filterable probacterial form, rather 
than the normal rod-shape organism, might actually be the true cause of the 
crown-gall disease. They reported that filtered extracts from sugar-beet 
g^lls were capable of inducing tumors on healthy beets. The normal rod- 
shape org-anism was, however, always isolated from the latter. Almon and 
Baldwin (1) , working with the closely related organisms, RhisoMimi trif oUi 
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Bangeard and B. Ugummosanim Frank, found filterable forms present in a 
large majority of cultures that had aged for periods of one month or longer. 
Agglutination tests indicated some group relationship between the aberrant 
types and the normal forms. The aberrant types that developed from the 
filterable forms were, however, iioninfectious on their respective host plants. 
Other reports recently published indicate that filterable forms may be 
present in other bacterial species. 

Perhaps the most widely used and the most satisfactory method thus far 
developed for the cultivation of filterable forms is the Hauduroy technique 
(3). A modification of this method w^as used. Three tissue cultures from 
secondary tumors carried through 10 passages in viiro were ground sepa- 
rately, each in 5 ml. of sterile nutrient broth. The tubes were permitted to 
incubate at room temperature for one month. No visible bacterial growth 
appeared in any of the tubes. Three additional tumor-tissue cultures were 
then ground in a similar manner and were incubated at room temperature 
for 48 hours. These likewise remained sterile. Portions consisting of 0.5 ml. 
of broth from each of the 3 tubes that had been incubated for one month were 
added separately to 3 flasks containing yeast-water-mannitol agar, potato- 
dextrose agar, and nutrient-dextrose agar. The second series of tubes, which 
contained tumor-tissue cultures ground and incubated for 48 hours, were 
treated in a similar manner. The flasks were incubated at 25® C. for one 
week, after which time fresh portions of 0.5 ml, of broth were added to each 
of the flasks and the washings transferred to fresh agar of the same composi- 
tion as that used for the original flasks. Twelve successive passages on this 
nutrient were made in 5 of the 6 eases. One of the flasks containing the 
potato-dextrose agar became contaminated with mold during the 5th wash- 
ing. At the end of the 12th passage, none of the 5 remaining flasks showed 
any visible evidence of bacterial growth. Microscopic examination of the 
clear washings failed to reveal the presence of any recognizable bacterial 
elements. The results presented make it unlikely, therefore, that any filter- 
able or otherwise aberrant form of the crown-gall organism was present in, 
and in any way a significant factor in the development of, the secondary 
tumor tissues grown in vitro. 

Plant Inoculation Studies 

Plant-inoculation tests were made as an additional check on the presence 
of the normal or aberrant forms of Phytomonas tnmefaciens, as well as on 
the presence of other agents that might be involved in inciting the continued 
abnormal proliferation of the cells of tumor-tissue cultures. Two methods 
of introducing the tissues into the host plants were used. The first of these 
consisted of grinding the tumor-tissue culture and placing the crushed ma- 
terial in wounds in the stems of sunflower plants. The wounds were tightly 
bound with sterilastic tape in a manner similar to that used when fragments 
of tumor-tissue cultures were grafted in the host (9). Out of 200 tests made 
in this way, all except one healed without significant deviation from normal 
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wound response. In tliis one instance a small slow-growing tumor developed. 
After it had readied the size of a pea, the tumor was crushed in the usual 
manner and tested for its possible bacterial content by plating in Paters 
medium. P. tuMefaciens was not isolated and the plates were discarded at 
the end of 4 weeks. That the tumor did not arise from a chance contamina- 
tion with P. tumefaciens is indicated by the localized growth, which is in 
marked contrast to the diffuse tumefactions that arise when large wounds are 
thus contaminated. It is believed probable that a small fragment of the 
tumor tissue had not been sufSciently crushed to destroy all viable tumor 
cells and that the subsequent growth of these residual cells resulted in the 
formation of the small tumor. 

The second method of introducing the tumor-tissue cultures into the host 
plant involved the thorough grinding of the tissues in a sterile mortar 
together with a small amount of nutrient-dextrose broth. After an incuba- 
tion period ranging from a few minutes to 8 hours, the entire tissue suspen- 
sion was introduced into either sunflower or tomato plants by means of 
needle punctures. Approximately 100 separate punctures were necessary to 
use up each tumor suspension. After inoculation the plants were placed in 
a moist chamber for 18 hours. This was done to prevent the drying out of 
the droplets of broth and thus permit the mnltiplication of any bacteria that 
might be present in the triturated tissues. A total of 32 tumor-tissue cul- 
tures were tested, involving more than 3000 separate inoculations. In no 
case did proliferation of the host tissue result. Galls were invariably pro- 
duced when bacteria-containing primary-tumor tissue was similarly tested. 

The possibility remained, however, that some inhibitory substance might 
be present in the tumor-tissue cultures that prevented small numbers of 
bacterial cells from establishing themselves in the host plants. To test this, 
tumor-tissue cultures were ground up in the usual manner and a few ml. of 
a dilute suspension of crown-gall bacteria (approximately 1000 organisms 
per ml.) were added. The tissue suspension together with the bacteria 'was 
introduced into tomato and sunflower plants by means of needle pnnctnres. 
Approximately 50 bacterial cells were inoculated together with a small 
amount of ground tumor tissue into each puncture. Typical galls were ob- 
tained in every instance. It is, therefore, obvious that the ground tumor- 
tissue cultures did not have any deleterious influence on the gall-stiimilating 
ability of Phytomonas tumefaciens. 

The presence of some agent in the tumor tissues capable of causing con- 
tinued abnormal stimulation of the cells, but not itself able to initiate tumor 
formation, had still to be considered. It is well known that PhytomMas 
tumefaciens may, under certain conditions, become attenuated naturally and 
that a decrease in virulence also can be brought about by transferring the 
organism successively through 15 to 20 passages in a medium containing 
glycine. Both naturally attenuated and glycine-attenuated sister-cell cul- 
tures of the As strain of the crown-gall organism Tcere introduced into tomato 
and sunflower plants, together with thoroughly ground tumor-tissue ciiltnre 
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suspensions. Both of these attenuated cultures were capable in themselves 
of producing cellular proliferation in the hosts in excess of the normal 
wound response, but they never formed typical large tumors in their host 
plants. The plants inoculated with the mixture of a crushed tumor suspen- 
sion and an attenuated culture showed no more response than did the check 
plants treated with the attenuated cultures alone. These results show, there- 


Fig. 2. Summary of plant inoculation studies. Sunflower plants were inoculated by 
means of the needle-puncture method with: 1, a thoroughly ground tumor-tissue culture; 
2/ bacteria-containing primary-tumor tissue similarly treated; 3, finely ground tumor-tissue 
culture plus a dilute suspension of a virulent culture of Phytomonas tumefaciens; 4, a viru- 
lent culture. Note tumor formation in 2, 3, and 4 where the crown-gall organism was 
known to be present. 5 and 7 were inoculated, respectively, with a naturally attenuated 
and a glycine-attenuated culture of the crown-gall organism. In both instances slight 
proliferation of the host tissue resulted in excess of the normal wound reaction. 6 and 8 
were inoculated with the respective attenuated cultures plus a small thoroughly triturated 
tumor-tissue culture. These results show that there was no demonstrable agent present in 
the tumor-tissue cultures that could bring about the continued abnormal stimulation of the 
host cells after tumor formation had been initiated by the attenuated cultures. (Photo- 
graph by J. A. Carlile.) 

fore, that there was no demonstrable agent present in the tnmor-tissne cul- 
tures that could bring about the continued abnormal proliferation of the 
cells after tumor formation had been initiated by attenuated cultures of the 
crown-gall organism. The results of the plant-inoculation studies are 
summarized in figure 2. 




98 


Phytopathology 


[VoL. 33 


To ascertain whether some tumefacieiit agent might be present in or 
carried by this crown-gall organism, filtrates of virulent cuitiires were ex- 
amined. The virulent strains employed were either lysed with specific 
bacteriophage or were incubated in sterile saline for several weeks to en- 
courage autolysis. The lysed suspensions were filtered throiigh sintered 
glass bacteriological filters (porosity '^65 on or through Berkefeld N 
candles. The filtrates were introduced into tomato or sunflower plants 
either alone or in company with a partly attenuated culture of Phytmnonas 
hmefaciens. In no case did cellular proliferation result in excess of that 
found in the check plants. All of these tests indicate that neither filterable 
bacterial forms nor recognizable viruses were present in tiunor-tissue cul- 
tures after their prolonged cultivation in vitro. 

DISCUSSION 

The most distinctive characteristic of malignant cells is their inde- 
pendence of the influences that govern the hereditary form of the organism, 
either animal or plant, in -which they occur. All normal cells are subject to 
a rigid control mechanism when growing in vivo. 

In work reported elsewhere it has been shown by the writers that the 
tumor cells in crown gall of plants behave like true malignant animal cells 
in that they show a greatly increased proliferative power over normal cells, 
both in vivo and in vitro, and at the same time retain their tumor-inducing 
capacity probably indefinitely when grown in tissue cultures or when trans- 
planted in series to suitable host plants. 

Speculations as to the origin of malignant cells have been numerous, and 
these have extended over a period of many years. Two general working- 
hypotheses are now current, intended to explain how malignancy originates. 
The first of these postulates is that some foreign agent, intimatelj^ bound up 
with the cells, stimulates their growth and multiplication. The second postu- 
late is that normal cells have themselves been modified into new^ cell types 
or mutants that are no longer subject to the control meehanisins of the host. 

Tumor formation in crown-gall is known to be initiated by a bacterial 
parasite, Phytomonas tumefaciens, and it has generally been assumed that 
this organism is directly responsible for the continued multiplication of the 
cells. According to this concept, then, crown-gall tumors -would logically 
fall, like the virus-induced tumors of animals, into the first category listed 
above, namely, that in which malignancy is attributed to the presence of a 
foreign agent. 

The results of the present investigation have demonstrated, however, that, 
although Phytomonas tumefaciens induces tumor formation, its presence is 
not always required for the continued rapid proliferation of the cells. This 
conclusion is based on results of experiments designed not only to eliminate, 
insofar as the methods now available permit, the possibility of the normal 
or of aberrant forms of the crown-gall organism being present in the tissues, 
but also to consider the possibility of a virus that might either be trans- 
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mitted by or act in association with the bacteria in stimulating cell multipli- 
cation. More than 2000 tests designed to demonstrate such agents, bacterial 
or otherwise, have all given negative results. 

The possibility that a growth-promoting chemical might have been intro- 
duced into the cells at the time they were first actively stimulated and that 
this substance, even though continually used up during the multiplication 
of the cells, might still be present in sufficient quantity to cause them to 
behave abnormally has not been entirely eliminated. The crown-gall tumor 
tissue has now been carried in artificial culture for 30 transfers involving a 
period of more than one year and has increased in theoretical volume more 
than a hundred million million times ; yet, this tissue will have to be carried 
through at least 13 more generations before the theoretical limits (the equiva- 
lent of i molecule of H 2 O per cell) are reached. However, since the tumor 
tissues have continued to increase at an undiminished rate through 30 
generations in vitro and have at the same time retained their tumor-inducing 
capacity undiminished, it seems very unlikely that any such chemical might 
still be a determining factor in this abnormal behavior. 

It seems necessary, therefore, to fall back on the second hypothesis, that 
a permanent alteration in the cells has taken place. The fact that the tumor 
cells when cultivated for long periods of time in vUro retain their peculiar 
cultural and cytological characteristics as well as their tumor-inducing 
capacity, in the absence of any demonstrable stimulating agent, strongly 
suggests that these are permanently altered cells that reproduce true to type 
and against which there is no control mechanism in the host. It is clear that, 
although the original stimulus to abnormal proliferation must have come in 
some way, either directly or indirectly, from the crown-gall organism, the 
continuation of this behavior becomes at an early stage quite independent 
of this original stimulus. It becomes a characteristic of the tumor cells 
themselves. What the nature of this fundamental change in the character 
of the cell is we cannot say and it seems needless to speculate at this time. 
It is believed, however, that the bacteria-free crown-gall tumor cells possess 
many of the essential characteristics of true malignant animal cells and 
represent, therefore, a potentially useful material with which to study certain 
basic principles involved in the etiology of malignancy. 

SUMMARY 

The bacteriological sterility of tissues derived from secondary crown-gall 
tumors has been examined. 

The results of more than 2000 tests of various kinds are included in the 
present paper. Viable tumor-tissue cultures have failed to yield cultures of 
Phytomonas tumefaciens in a single instance, when grown on nutrients 
suitable for the isolation of this organism, when thoroughly crushed and 
incubated in suitable nutrients, or wffien cut in thin slices and incubated on 
media known to favor the growth of this organism. 



100 


Phytopathology 


[Yol. 33 


Special tests suitable foi' the isolation of small numbers of bacteria or of 
dormant phases, filterable forms, viruses, or noncultivable forms have like- 
wise consistently yielded negative results. 

Implantation of such tumor-tissue cultures in sunflowers and artichoke 
plants gave rise to typical crown-gall tumors that again failed to ^deld crown- 
gall organisms wdien subjected to the usual tests. 

Tumor-tissue cultures, wdien used as antigens, failed to reveal any crown- 
gall organisms either by agglutination or complement-fixation tests. 

It is believed that the evidence presented provides nnequi vocal grounds 
for concluding that the tumor-tissue cultures isolated from secondary tumors 
are entirely free of Phytomonas twnefaciens or of other recognizable tumor- 
inciting agents. 

These bacteria-free crown-gall tumor cells possess many of the essential 
characteristics of time malignant animal cells, and represent, therefore, a 
potential!}?- useful material with which to study certain basic principles 
involved in the etiology of malignancy. 

From the Department of Animal and Plant Pathology of 
The Kockepeller Institute for Medical Kesearch, 

Princeton, New Jersey. 
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PERONOSPORA TABACINA ADAM, THE ORGANISM 
CAUSING BLUE MOLD (DOWNY MILDEW) 

DISEASE OP TOBACCO 

Edward E. Clayton and John A. Stevensoni 
(Accepted for publication June 2, 1942) 

INTRODUCTION 

The fungus causing the bluennold (downy niildeiv) disease of tobacco 
belongs to the Peronosporaceae, wdiich includes a number of important crop- 
plant pathogens, all of which are obligate parasites. Blue mold is the 
type of disease that commands attention, and its sudden appearance in 
the United States as a disease of cultivated tobacco presented students of the 
fungi wbth a number of problems. . Some of these have concerned : 

(1) Present status of identification methods for the tobacco downy 
mildew and other Peronosporaceae. 

(2) Source of the infection in the United States. 

(3) Reason for the disappearance of the disease following the 1921 out- 
break. 

Question 1 involves the broad problem of identification in an important 
group of plant parasites, and hence being of general interest, will be con- 
sidered in greatest detail. Questions 2 and 3 are of less general interest, 
and the writers merely wish to present certain material that leads them to 
conclusions different in some respects from those recently advanced by Wolf 
(20) and Stevens and Ayres (17). 

THE IDENTIFICATION OF PERONOSPORA TABACINA BY CONIDIOPHORE 
AND CONIDIA MEASUREMENTS 

Students of the Peronosporaceae have used extensively length and 
breadth measurements of conidia in describing and identifying species. 
Most descriptions are based on material collected on a single host plant, 
which, in the ease of Peronospora iahacina Adam, was Nicotiana talaciim, 
How^ever, P, tabacina attacks many other species of Nicotiana, and a question 
that naturally arises is whether spores collected on other host sx)ecies would 
be comparable in size with those collected on N, iabaciim. To obtain definite 
information, the followdng experiment was conducted. 

Thirty collections of blue-mold leaf material were gathered from 12 dif- 
ferent species of Nicotiana, all grown in a single greenhouse during the 
period October, 1940, to April, 1941. There was no outside source of 
inoculum during this time, so all collections may be assumed to be the same 
fungus, more particularly because separate strains of the blue-mold 
oi'ganism are unknown. Bach different collection from the same species 

1 Tlie writers acknowledge tlie efficient assistance of Alice J. Watson, formerly of the 
Division of Mycology and Disease Survey, Bureau of Plant Industry, U. S. Department 
of Agriculture. 
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measurements lie completely outside the range given by Berlese. For only 3 
species, do the two sets of measurements correspond. This appears to be 
gooc evidence that Peroiiospora eonidia measurements quite generally tend 
0 differ, and a large amount of other corroboratory data could be^cited. 

OOSPORES AS AN AID TO THE IDENTIFICATION OP P. TABACINA 
Out of the /G collections studied, oospores were found in 9, and all of 
these were rncotima tahacum. Thus, it is evident at the start that under 
ordinary circumstances comparatively few collections may be expected to 
shmv oospores. Angell and Hill (2) stated that of hundreds of cMlections 

r^cb' oospores. The measurements of the oospores 
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^ Table 4 figures indicate a great variability in the size oi Peronospora 
talaana oospores. Computations show that many of the differences betlen 
mean values were highly significant. Thus, collections 48 and 50, made 
simultaneously m the same area, have a mean difference of 9.3 p, and the 
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United States. First, Spegazzini stated that his eonidia germinated in- 
directly, to form zoospores, and second he described as oospores bodies 
ranging in size from 50 to 80 that are very different in appearance from 
the oospores found associated with the blue-mold fungus in Australia and 

the Uiiited States. 


Prior to 1935, no Nicotiana downy mildew had been reported from South 
America since the Spegazzini report of 1898. Within the past 5 years, 
however, Wolf (20) has reported receiving N. tahacum material with typical 



NUMBER OF PERONOSPORA SPECIES 

Fig. 1. The range of oospore size in the genus Peronospora. 

Peronospora talacina oospores from Rio Grande do Sul, that portion of 
Biazil nearest Argentina; and the writers have received similar material 
from the same area, which did not, however, show oospores. Still more 
recently, Godoy and Coste (10) reported a downy mildew of cultivated 
tobacco in Argentina. Thus, it is now established that a downy mildew, 
similar to that in the United States and Australia, is a serious disease of 
cultivated tobacco in the South Brazil-North Argentina area. Godoy and 
Coste searched for the oospores reported by Spegazzini, but reported their 
failure to find any. They recorded their organism as P. nicotianae on the 
grounds that the eonidia and eonidiophore dimensions did not agree with P. 
talacina. As table 2 shows, they really agree very well. The situation is, 
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to temperate regions. The temperate-zone regions with native Nicotiams 
are (1) south Australia, (2) western United States, and (3) south Brazil 
and north Argentina. The early mycologists collected a Perofiospora on the 
native Nkotianas in all these areas. 

The first records of a tobacco downy mildew in the United States in- 
volved Nicotimia glcmca and A. Ugelomi, which table 1 shows are good host 
plants for Perooiospora tabacim. It is interesting to note that tobacco 
growers in the United States were not troubled by a downy mildew from 
1620 to 1921, due, apparently, to the fortunate circumstance that tobacco 
culture was confined to the East, and no native NicoUanas occur east of 
the Mississippi River. How the gap was finally bridged remains speculation. 

It may be mentioned here that the tobacco cultivated by the Indians 
in the East prior to the arrival of white settlers was not N. tabacum but 
N . 7nistica, which is quite resistant to blue naold ancl, accordingly, does not 
enter into the present problem. 

The view that P. tahaama is endemic to Australia, and was introduced 
into North and South America, the only other areas wuth a native NiooPiana 
flora, while such regions as New" Zealand, South Africa, Europe, and Asia 
have all remained free from such an introduction, does not appear to be 
very plausible. 

THE DISAPPEARANCE OF TOBACCO BLUE MOLD IN 1921 

The first appearance of this disease in 1921 caused much concern, and 
its failure to reappear the following year was a surprise. Stevens and Ayres 
(17) have recently discussed the theoiy that this failure to reappear might 
have been due to climatic conditions. After a study of available records, 
they, how^ever, concluded that it wuuld not appear that the presence of the 
disease was correlated with the weather. The writers have examined leaf 
material collected in 1921 and find no oospores present. Wolf et al, (22) 
have very clearly shows’ll the dependence of the organism on oospores for 
overwintering. Hence, the suggestion is made that the fungus, in 1921, 
failed to form oospores and so died out. The area affected in 1921 was very 
limited. In recent years large areas have been repeatedly observed where 
oospores could not be found, and there was no indication of old-bed over- 
wintering in these regions the follownng spring. At present, the area in- 
volved each year is so extensive that the chance of oospores not being formed 
is small. It is quite possible that oospores may live over several years. 
Certainly, the lack of success experienced by workers in attempting to 
germinate them would suggest such a possibility. 

DISCUSSION AND CONCLUSIONS 

A study has been made of the value of conidiophore, conidia, and 
oospore measurements in the identification of Peivnospora tabacina. 
Conidiophore length has been found to be both extremely variable and 
inconsistent, so that it has little or no taxonomic value. Results from conidia 
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measurements were more consistent, thus corroborating to this extent 
the conclusion of Gaumann that such measurements were the most suited 
to taxonomic purposes. However, it Avas eonelusively proved that mean 
values for different collections of eoniclia tend to differ. Thus, when 
80 collections Avere compared Avith grand mean values set u]> Avith the 
utmost care, the great majority of the 30 collection uieasureuu'iits AA'ere 
significantly different from the grand means. Consequently, the effort to 
establish a single mean Amlue for the size of P. tahacrnu conidia does not have 
a sound basis. This AueAV is supported by the findings of Angell and Ilil] 
(2), who reported that the size of conidia produced at different times of Hie 
year A'aried greatly, and xirmstroiig- and Sumner (4), Avho found smaller hut 
A’ery significant differences for P. tabacina spores jAroduced on diffeiA'iit host 
plants. Analysis of the data in table 1 also shoAved that the variabilitv 
in the mean values obtained from collections made from different Xieoliana 
species Avas much greater than where collections Avere made from a single 
host plant— Aicotiaiia taiacmi. That variability in Peronospora conidia 
size is not limited to P. tabacina is strongly .suggested bv table 3, in Avhieh 
the spore ranges of Berlese and the iiieaiis of Gaumann are compared for 13 
species. It is apparent there that the correspondenee betAA’een the 2 sets of 
values is generally poor. Also, Avorkers have sought for years to decide 
Avhether Peronospora hyoscyamt Avas the proper name to use for the tobacco 
organism as suggested by Parlow (8). On the basis of eonidia size, it is pos- 
sible to_ prove (1) they are the same size or (2) P. hyoscijami is lar<mr 

depending entirely on which of the various published measurements lire 
used. 

Taking Peronospora tabacina mean values for conidia size as given in 
tables 1 and 2, it is evident that mean length can range from 17 to 28 u and 
mean breadth from 13 to 17 p. However, such a range of mean values in- 
cludes many other species of Peronospora, and hence eonidia nieasurements 
cannot be relied upon definitely to identify P. tabacina. On the other hand 
mean values above or below this range would be a strong indication that the 
fungus 111 question was not P. tabacina. Gaumann used oospore tvpe to di F- 
ferentiate the genus Peronospora into 2 main group.s— Leiotiiecae and 
Calotheeae— but he concluded that the oospores Avere too similar in appear- 
ance, and too variable m size to be of help in species identification. Htevens 
and Ayres (17) recently have suggested that a definite identification of P 
tabacina could be made only if the oospores were present. P tabacina 
oospores however, have nothing to separate them from P. hyoscyami and 
ozens of other members of the Leiotheeae group. They have an irregularlv 

for 9 collections range from 27.8 to 39.9 p-a variation of 43 per cent. Most 
workers have listed oospores size as ranges of individual values. Table 4 

%T TT •” ^ anoM to 

show a ranoe 24 to 7?’’” vf J "“P"® ““ hy other investigators 

SHOW a range 24 to 75 p. while the range for the genus Peronospora, as given 
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both Berlese and Gaumann, is only 22 to 60 u. Tims, if anyone were to 
discover oospores associated with a downy mildew on Nicotiana that had 
measurements outside the published range for P. tabacina, they would be 
justified in concluding that the bodies under observation were probably not 
Peronospora oospores. From the diagnostic viewpoint, the great potential 
value of oospores would appear to be in providing material for pathogenicity 
studies. Up to the present, how^ever, most workers have been unable to 
obtain germination. 

The conclusioii derived from the preceding is that Peronospora tabacina 
cannot be definitely identified on the basis of size or appearance of its 
conidiophores, conidia, or oospores. Furthermore, it is indicated that the 
same may hold true quite generally for the Peronosporaceae. However, 
while these fungi appear to be not sharply separated morphologically, they 
are very highly specialized with respect to parasitism. P. tahacma is prac- 
tically limited to the genus Nicotiana, The decisive value of pathogenicity 
in species differentiation is well illustrated by the P. Jiyoscyami situation. 
The tobacco fungus went by this name from the time that Farlow (8) col- 
lected a downy mildew on N, glmcca in California, which had conidia about 
the same size as P. liyoscyanvi. There was doubt as to whether the tobacco 
fungus was the same, but repeated sets of conidia measurements and the dis- 
covery of oospores of both species (1, 5) failed to settle the ciuestion. How- 
ever, this problem was definitely settled when it was found quite recently 
(2) that the tobacco organism did not attack Hyoscyamus niger. 

The Peronosporaceae as classified by Gaumann contain numerous separate 
species that are differentiated solely on the basis of conidia length and 
breadth. The writers do not believe that conidia size is sufficiently stable 
to make such differentiation valid, particularly in view of the fact that size 
values assigned to many species were based on few, and in some cases appar- 
ently a single collection. It appears that the true species situation can be 
settled only by extensive controlled cross-inoculation work. At present 
there is very little information of this sort available. In this connection, the 
recent findings of Hoerner (14) are suggestive. He demonstrated by inocu- 
lation experiments that the supposedly separate Pseudoperonospora species — 
P. cannaMnaj P. celiidis, P. urticae^ and P. humiili — ^may be merely physio- 
logic races of a single species. 

A faiidy complete study of the pathogenicity of Peronospora taiacina 
with respect to the various Nicotiana species has been completed and will 
be published. This should provide a definite basis for as thorough identi- 
fication of P. tabacina as may be desired, and it should also make it possible 
to determine whether specialized races of the organism exist in the different 
regions aff*ected. 

At present there appear to be no grounds for belief that more than one 
Peronospora oecuTS on Nicotiana. Spegazzini^s P. nicotianae has not been 
observed since it was described, and the supx)osed oospore bodies on which 
it is chiefiy based are much too large (Pig. 1) to be those of Peronospora. If 
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. taUcmaiB the only Nicotiam downy mildew, then the need for assnmino- 
that It has been introduced into South America disappears. The writer^ 
belieye the evidence strongly favors the view that the tobacco funoiis is 
native to North and South America and Australia. 

that a likely explanation of why blue mold disappeared 

4.1 outbreak m the Georgia-Plorida area of the United States is 

that the f nilgais failed to produce oospores. 

SUMMARY 

^ In considering the identification of Peronospora iahacina, it was found 
that menu values for length and breadth of eonidia and length of conidio 

sented by a range of mean values, rather than a single mean. 

Size variability was greater with collections made from different host 
p ant species than with collections made from a single host plant species ' 
The lange of means indicated for Peronospora iahacina eonidia is 17 to 
28 „ tog bj- 13 to 17 p broad. These rahg.s are too great, howe'er to 

pel nut definite identification by measurements. ’ 

variations in oospore size are such that measurements could have 
were T than to indicate that the bodies in question 

20'to rj.”' "" approximately 

Neither eonidiophores, eonidia, nor oospores have distinctive mornholoo.; 
cal characters that could aid species determination “^N^bologi- 

condition prevalent with respect to 
he tobacco organism is representative of the general situation in 
Peronospora, and that spore measurements oenerldv Imv! f 
sound basis for species icientification " ' ^ 

“‘A””™" -Vr, 

Bueeau of Plant Industry, 

U. S. Department of Agriculture, 

Washington, D. C. ’ 
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CERCOSPOEA BLIGHT OP CARROT^ 

H . E E X T H 0 M A S 2 
(Accepted for publication May 30, 1942) 

This study originated as a field investigation of carrot blighi at Santa 
Maria, California. It is eoncerned primarily with the phvsi()]oo•^- of Cereo 
spora carotae (Pass.) Solheiin and with the host-pathogen' relatiouslnps and 
epidemiology of Cercospora blight. 

plants attacked 

Cercospora carotae is known to attack both wild and cultivated carrots 
(Daticus caroU L., Baucus carota h. var. sativa DC.). Infection was oh’ 
tainecl on D. Impameus Gouan, B. maritimus Lam., B. pulchcrnnnts Koeb 
vfl • ?•’ ^-Oingiclmm L., B. pusains Midi., and 107 carrot 

Alrtn "^«i«tance to Cercosp<u-a blioLt 
Although the species B. pulcherrinius, B. pusiUus, B. qindklLn miA B 

rmxirms were less severely blighted, no important degre; of'resista'nee suh 

able for use 111 a breeding program was foiiiid. 

SYMPTOMS 

Cercospora blight may attack any part of the leaf, but primarv lesions 

h‘ ) Z °Z1 f “rime 

tend to be circular. A diffuse chlorotic border nwv surrotmd the n.ctlr 

S’X'esrd r 'ri 

soon develops a necrotic center TbesA ai-ii.-)n * 
en arge and coalesce until the whole leaflet is killed. During Immid weathm^ 
the lower surface of the lesion usually appears lidit "tuv or silv.-r i ' ’ 

Ot the eharacteristic mass of hvaline conidia. ThS i.sM' of the n.oi ciiX 
m cr^eopic moans ot differentiating between Cercospora ...d 

otthr.!! 

a.i.ht,ray„rX^7.s;wen™^ 

ole may be girdled and the leaf killed. Eventually the peti- 

Borieley, and the department o*fB^n 7 ''puraiw*ti* ^“^riogy, Univereitv of Ciilifoimia 
pwj.pl, y. 

fee v«l™?g'g2S‘.?.“ •“ ®:; “■ a*t*.er and Dr. B. M. Caldwell 

for tlie organization of tbe pro iect to Dr A^ r irianuscript, to Professor E. E. Smith 

eoulnm^ ^1‘owers and shippers of^SantlMarh? while located 

equipment, and to the Santa Barbara AOTiP 7 iifiiT‘iin^ - Valley for sppplyinff land and 
facilities while in Santa Maria ^ Commissioner'^^ Offi4 for laboratory 
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STOMATAL PENETRATION 

Stomatal penetration was studied both in stained sections of leaf tissue 
and in material imbedded in parafiSn. Considerable difficulty was experi- 
enced in observing penetration, as less than 1 per cent of the germ tubes 
penetrated. All attempts to increase materially the percentage of invasions 
by exposing the plants to light, darkness, and various temperatures during 
the incubation were unsuccessful. Examination of several thousand germi- 
nating conidia revealed no evidence of direct penetration of the epidermis. 
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DEVELOPMENT OP THE FUNGUS IN THE HOST TISSUE 

The development of the niyceliuni inside the host was studied by exami- 
nation of paraffin sections of leaves made 48^ 72, 96, and 130 honrs after 
inoculation with eonidia. The penetrating hypha often enlarges after it has 
entered the stoma, plugging the stomatal cavity with globoid, thick-walled 
cells. The advancing hyphae usually invaded the mesophyll before ad- 
vancing far laterally in the epidermis. Exceptions to this procedure were 
occasionally noticed when complete collapse of several epidermal cells would 
be found with no evidence of the fungus in the underlying tissues. Usually, 
such groups of cells were close to a point of stomatal infection. The ad- 


Pig. 2. Cross section of carrot petiole. Note that the fungus has not penetrated 
deeply and that conidiophore masses are found between groups of collenchyma. x 350. 

vaneing hyphae are intercellular at first, but intracellular invasion occurs 
promptly. Groups of collenchyma cells on the ridges of the petiole acted 
as a normal barrier. Very often mycefium would be abundant on both sides 
of one of these groups of collenchyma cells, but no hyphae were found in this 
tissue (Fig. 2). The fungus did not penetrate the petioles more than 5 or 6 
cells in depth, growing chiefly in a lateral direction. In the leaf blade the 
fungus often completely permeated the mesophyll within 5 days. 

SPOEULATION 

After the advancing hyphae have invaded to an extent of several cells, 
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vertically and laterally, tlie intertwined mass of snbstoniatal liypltal cells 
sends np a tuft of liypliae that disrupts the stomatal opening and produces 
a fascicle of conidiopliores 60 to 122 p wide. On most of the petiole lesions 
a very compact fascicle of eonidiophores w^as found as contrasted to the 
smaller and less compact conidiophore tufts found on botli surfaces of the 
leaves. Occasionally, on the leaf, a single conidiophore was developed from 
a small group of cells in the stomatal cavity soon after infection. Bach 
conidiophore produces several conidia in succession and 2 or 3 scars often 
are found near the tip of the conidiophore. The eonidiophores, 2 to 3 p in 
diameter, usually were not enlarged at the base. The conidia were cylindri- 
cal and hyaline to slightly colored. Among 100 conidia measured, thert^ was 
a range in length between 40 and 110 p with a mean of 95 ±: 13.5 and a range 
in width betw^een 2 and 2.5 p with a mean of 2.2 0.1. The number of septa 

varied from 1 to 6. 

CULTURAL CHARACTERS 

Isolation of the fungus may be easily accomplished by making dilution 
platings of conidia on potato-dextrose agar. The conidia germinate witliin 
12 hours on agar. The terminal cells usually germinate apically, the lower 
cells laterally. Very erratic germination occurred in hanging-drop prepara- 
tions. 

The fungus grows very slotvly in culture, and it is 4 or 5 days before the 
growth from conidia on agar is macroscopically visible. The germ tubes and 
mycelium produced on agar are composed of short, globoid cells as contrasted 
to the long, narrow cells produced by conidia germinating in water. On agar 
a dark, dense, compact colony is formed on which conidia are usually present 
by the time the colony is visible. Cultures grown on artifieial media for 
several months frequently lost their ability to produce numerous conidia. 
However, if a passage was made tbrough carrots, such cultures produeed 
abundant conidia. 

The amount of growth and sporulation of the fungus on 8 kinds of media, 
adjusted to pH 6.2, was estimated in tube cultures kept at 22° C, for 3 weeks. 
For a more accurate measure, the rate of growth of hypliae from single 
conidia for 11 days after germination was determined microscopically. The 
most vigorous growth occurred on potato dextrose, but there also was good 
growth on pea, carrot-root, and prune agar. The poorest growth Avas made 
on malt and corn-meal agar. More conidia Avere produeed on iiotato-dex- 
trose, carrot, and carrot-leaf agar, than on pea, corn-meal, malt, and prune 
.agar. 

EFFECT OF TEMPERATURE, HUMIDITY, AND pH ON THE GROWTH 
OF THE FUNGUS 

The temperature relationships of the fungus Avere determined by esti- 
mating the amount of groAvtli produeed on potato-dextrose agar slants at 
temperatures of 3-degree interAmls between 7° and 37° C. For more ac'cn- 
rate measurements, the average maximum radial groAvth on agar filates of 
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Ii 3 "pliae from 10 eonidia, after 11 days’ exposure to tlie different tempera- 
tures, was niicroseopieally measured. Most rapid growth occurred between 
19° and 28° C., and there w^as almost no growth at 7° or 37° C. 

The effect of temperature on the percentage germination of conidia was 
determined in a water suspension on glass slides covered ■with a thin layer 
of agar held for 24 hours in Petri-dish moist chambers at different tempera- 
tares. The maximum germination occurred between 16° and 28° C. and the 
least at 7° or 37° C. 

The effect of temioerature on spornlatioii was determined by placing 3 
carrot petioles with young lesions at temperatures of 3-degree intervals 
between 7° and 37° C. After 24 hours it was found that abundant sporula- 
tion occurred between 13° and 28° C. No conidia 'were formed at 7° or 37° C. 

Drops of a eonidial suspension were placed on agar-coated slides and 
allowed to dry in’ air-tight, glass-stoppered bottles in which humidities rang- 
ing from 21.5 to 100 per cent were maintained by means of different con- 
centrations of sulphuric acid. Although a few conidia germinated at 93.2 
per cent humidity, no appreciable number germinated at less than 99 per 
cent. At humidities so close to 100 there is always a chance that condensa- 
tion may have occurred. It was concluded that very little germination 
occurs unless a film of moisture is present. The conidia in the lower himiidi- 
ties were not injured because they always germinated satisfactorily when 
removed and exj^osed to moist conditions. 

On agar slants the maximum amount of growth was made between ijii 
5.5 and 7.0. No growth occurred at pH 3 and growth declined markedly 
above pH 7.5. No effect on sporulation was observed, as the number of 
conidia appeared to be directly related to the size of the colony. The pH 
of the expressed juice of carrot leaves tested varied from 6.3 to 6.7. 

DISSEMINATION IN THE FIELD 

Observations in the Santa Maria Valley indicate the probable importance 
of wind as an agent in the distribution of Cercospora blight inoculum. The 
prevailing wind is from the west and. off the ocean. At harvest, plants along 
the east side of a field of infected carrots usually are more severely blighted 
than those on the west. Sufficient inoculum, apparently, is carried by the 
wind to increase infection on the east side. Also when there are fields of 
young carrots on the east and west sides of a field of older badly infected 
carrots, the former in the east field, next to the infected plants, are the more 
heavily infected. 

During harvest, agar plates -were exposed for 3 minutes at 10, 100, and 
300 feet distant from the leeward side of a field badly affected with Cerco- 
spora leaf blight. The fungus was recovered from the air at all three 
locations. 

Other workers (4, 8, 11, 14) have reported that wind is an important 
agent in disseminating the species of Cercospora attacking celery, peanuts, 
and beets. 
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SEED TRANSMISSION AND SEED TREATMENT 

Tile seed umbels of carrot plants growing in an experimental plot at 
Santa Maria were found affected witli Cercospora blight. Seeds saved from 
these plants had eonidia of the fungns adhering to the seed coat. A few of 
the local growers at Santa Maria save a small quantity of seed for their own 
use. To determine if the locally-grown seed was contaminated with the 
fungus, portions of 8 seed samples w^ere w^ashed in 10 ec. of water and the 
liquid drained off and centrifuged. The precipitate and several cc. of 
liquid remaining in the bottom, after the supernatant liquid was poured off, 
w^ere shaken up and sprayed on carrot leaves in the greenhouse at Berkeley. 
A few Cercospora leaf spots wmre found 14 days later on plants inoculated 
with 4 of the 8 samples. No infection w^as secured with the wash water 
from the seed harvested in the area wdiere it is commercially saved nor on 
unsprayed controls. Repeated attempts to obtain infection from the centri- 
fuged wmsh water from commercial seed w^ere negative. 

As very little locally growui seed is used within the Santa Maria Valley 
seed transmission is probably not an important source of infection. Al- 
though Cercospora is generally absent from the commercial seed fields near 
Sacramento, where a large part of the commercial seed is grown, the finding 
of Cercospora in one of these fields by Gardner, Kendrick, and Ark in June, 
1940,*'^ suggests that contaminated or infected seed occasionally may intro- 
duce carrot blight into territories previousl,y free of the fungus. Doran and 
Guba (1) obtained no evidence that Cercospora carotae wns carried on the 
seed. Other wnrkers (4, 5, 6, 12, 14) have cited evidence indicating that 
seed transmission occurs wdth species of Cercospora affecting celery, beets, 
dill, soybeans, and peanuts. 

Several treatments w^ere applied to carrot seed to determine those that 
might be used wdthout seed injury and would be effective both in controlling 
damping-off and freeing the seed of fungous and bacterial contaminants 
adhering to the surface. Seven replicates of 50 seeds from each of 14 treat- 
ments w^'ere sowoi in uiisterilized soil in the greenhouse. The plots were 
arranged in a modified latin square. Stand counts were made 10 days after 
seeding. Compared wuth the stand of 33 per cent for the nontreated check 
the stands from seed treated with the following w^ere significantly better: 
mercuric chloride (1-1000 for 5 min.), 49 per cent stand; cuprous oxide 
dust, 47 per cent; malachite green (1-2000 for 5 min.), 45 per cent; zinc 
oxide dust, 52 per cent; copper sulphate (2 oz. to 1 gal. for 1 hr.), 60 per 
cent; Spergon (dust), 60 per cent; Spergon (1-1200 for 5 min.), 45 per 
cent, and ethyl mercury tartrate (1 per cent preparation used as a dust), 
55 per cent. Ethyl mei*cury phosphate (5 per cent preparation iised as 
dust), 20 per cent; significantly decreased germination. Mercuric chloride 
(1-2000 for 5 min.), 41 per cent; mercuric chloride (1-3000 for 5 min.), 37 
per cent; ethyl mercury tartrate (1-24,000), 35 per cent, and ethyl mercury 
phosphate (1-24,000), 33 per cent, did not significantly affect the percentage 
germination compared wdth the nontreated check. 

3 Letter from M. W. Gardner, dated October 17, 1940. 
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The effectiveness of the above treatments in freeing the seed from disease 
inoculum and other fiingons or bacterial contaminants was determined by 
dipping carrot seed into a suspension of Cercospora conidia, drying the seed, 
treating, and then placing 25 seeds from each treatment on potato-dextrose 
agar plates. Four days later the seed treated with ethyl mercury phosphate 
and ethyl mercury tartrate, either as a liquid or a dust, mercuric chloride 
(1-1000) and Spergon (dust) were free from any fungous or bacterial 
growth. Dilutions of 1-2000 and 1-3000 of mercuric chloride sterilized 92 
and 96 per cent of the seed, respectively. The other treatments were ineffec- 
tive. It is possible that the active fungicidal ingredients in the treatments 
diffused into the agar and only inhibited the germination and growth of the 
contaminants adhering to the seed. 

PERSISTENCE IN SOIL 

In the fall of 1937, Cercospora lesions were found on the first foliage 
leaves of 3-week-old carrot plants in several fields at Santa Maria, wdiere 
blight had been serious on previous carrot crops. This suggested that infec- 
tion came from the soil. 

In July, 1938, soil samples were taken from the surface, 4 inches deep, 
and 6 inches deep in a field where the carrot crop harvested 2 months earlier 
was severely infected with Cercospora blight. These soil samples \vere 
placed in sterilized pots and planted to carrot seed in a greenhouse at Berke- 
ley in which carrots had never been grown before. The pots were covered 
with a moist chamber, which was not removed until the young carrots were 
several inches high. No Cercospora infection was found on the plants. The 
pots were then filled with water and the surface of the soil stirred until the 
water was muddy. The tops of the plants were bent over and dipped into 
this muddy water. A moist cheese cloth cover was placed over the plants 
for 48 hours. At the end of 20 days, in the samples taken at the surface, 
3 plants out of 1654 were found with sporulating Cercospora lesions. No 
infection was found on carrots planted in similar soil sterilized before use. 

In contrast with certain other carrot-producing sections, there are car- 
rots in the field at Santa Maria during the entire year. Often a crop is not 
harvested at maturity because of unfavorable market conditions. For ex- 
ample, carrots ready to harvest in December, 1936, were not harvested until 
February and March, 1937. Conidia of Cercospora were abundant at har- 
vest on the older dead leaves of these plants and could provide a source of 
infection for the spring crop planted in nearby fields. 

Infected carrot leaves were collected in December, 1936, and placed in 
wire containers. Some of these were placed on the surface of the soil, some 4 
inches deep, some 6. These containers were removed in September, 1937, 
and typical Cercospora was secured on plants inoculated with water sus- 
pensions of the decayed leaves. 

The possibility of the fungus establishing itself in the soil in the absence 
of a carrot crop was investigated. A suspension of Cercospora conidia was 
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placed in the center of Petri dishes filled with sterile soil. Upon examina- 
tion later it was found that mycelium had developed and produced conidia. 
Similar results were obtained with unsterilized soil. Considerably more 
growth was made on soil high in organic matter than on soil of a sandy tex- 
ture typical of that on which carrots are raised in the Santa Maria Valley. 

Doran and Cuba (1) have reported that Cercospora caroiae hibernates 
in dead leaves of carrots in or on the soil; other workers (4, 7, 8) found that 
other parasitic members of this genus overwinter on the dead leaves of their 
hosts. 

RELATION OF TEMPERATURE AND HUMIDITY TO THE SEVERITY 
OP CERCOSPORA BLIGHT 

Cercospora blight proved most serious at Santa Maria during June, July, 
and the first 2 weeks of August. Very little infection was found from the 
middle of August until March, when the disease began to appear generally 
in the valley. The damage caused early in the spring was slight, and it was 
June before any appreciable amount of infection developed. 

During the summer and early fall very little rainfall normally occurs, 
but periods of very foggy weather are common. Carrot leaves are fre- 
quently covered with moisture from 6 p.m. until 8 a.m. There is little or 
no increase in the severity of Cercospora blight when the rainy season begins 
in the fall. 

The factor or factors responsible for the decreased activity of Cerco- 
spora blight during late August and early fall have not definitely been 
determined. Hygrothermograph records (kept from August, 1936, to July, 
1937) at Santa Maria show that during the period from April to July, when 
Cercospora was most active, the average minimum temperature fluctuated 
from 40° to 50° P. and the average maximum between 70° to 77° P. Prom 
July to November, the average minimum temperature ranged from 48° to 
57° P. and the average maximum from 70° to 81° P. Laboratory tests 
showed that the fungus grew most rapidly on agar between 66° and 79° P 

THE EFFECT OF THE MINERAL NUTRITION OF THE CARROT PLANT 
UPON THE DEVELOPMENT OP CERCOSPORA BLIGHT 

The effect of the mineral nutrition of the carrot plant upon the develop- 
ment of Cercospora blight was determined by counting the number and 
classifying the length of the leaf spots and by estimating the abundance of 
conidia produced on the leaf spots on the plants grown in solutions complete 
in all nutrients, or deficient in nitrogen, phosphorus, potassium, or calcium. 

Three carrot plants of the variety Morses Bunching were grown in 
6-inch, glazed pots, 5 pots for each of the 5 treatments. The pots were 
arranged in a latin square. A complete nutrient solution, made up accord- 
ing to Hoagland and Anion’s formula 1 (3) was supplied to the plants by 
a continuous drip mechanism, similar to that described by Pryor (10). 
When the plants had from 4 to 6 leaves, the pots were flushed with several 
liters of distilled water, and solutions deficient in nitrogen, potassium, phos- 
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pliorus, or ealcmm, respective!}^, made up according to Hoaglaiid and Arnon 
(3), were supplied to the plants. Extra carrot plants in each ti*eatnient 
were used to determine when deficiencies of nitrogen, phosphorus, and potas- 
sium occurred, by means of the plant tissue tests described by Thornton, 
Conner, and Fraser (13). 

After deficiency symptoms were evident, the plants were sprayed with a 
suspension of Cereospora conidia from carrot leaves and placed in a moist 
chamber at 75° to 85° F. for 72 hours. Fifteen days after inoculation, the 
number of leaf spots per plant, length of leaf spots, and number and fresh 
weight of infected leaves were recorded. The approximate leaf area was 
determined by dividing the leaf weight by the weight per cm.^ of leaf blade. 
The latter figure was determined by tracing around carrot leaves on paper, 
dividing the weight of the paper by the weight of one square centimeter of 


TABLE 1. — Influence of the mineral nutrition of the carrot on suscei)ti'birity to 
Cereospora carotae 


Treatment 

No.a of 
leaves 

Area of 
leaf 

No. of 
leaf spots 1 
percm.2 

Leaf spot j 
length 

1 

Conidia 

produe- 

tionb 

Weight of the 
fungus mat 
on leaf 
extra etsc 



Cmr 


Mm. 

Class 

Mg. 

Complete 

9.6 

93.8 

0.31 

6.5 

5 

700 

-K 

7.1 

33.3 

0.28 

4.7 

4 

750 

~P 

7.0 

20.7 

0.26 

4.9 

3 

470 

~Ca 

5.9 

44.6 

0.19 

2.7 

2 

270 

-N 

7.6 

26.3 

0.19 

2.3 

2 

830 

Significant 







difference 







5% level ... 

2.5 

i 

5.1 

0.06 

0.87 


210 


a Composite figures for two experiments. An average of 10 plots, arranged in a latin 
square. 

^ Abundance of conidia produced on leaf spots on plants placed in liumidity ebamber 
for 36 hours. 0 = no conidia, 5= many conidia. 

c Growth of Cereospora carotae made in 60 days in a sterile leaf extract of plants 
grown in deficient solutions. Average of 5 flasks. 

paper, and then dividing the weight of the leaves by this figure. The aver- 
age number of leaves, average area per leaf, average number of leaf spots 
per cm.^, average length of the leaf spots and abundance of conidia on the 
leaf spots are summarized in table 1. The data from the two experiments 
have been analyzed together by the analysis of variance method and only 
the composite results are presented. 

Potassium 

Six days after being given the potassium-deficient solution, the potas- 
sium concentration of the leaf sap was low. However, it was approximately 
10 days before potassium deficiency symptoms were evident. They consisted 
of a purplish tinge on the underside of the leaves and the development of 
new leaves that were smaller than those of plants on the complete solution. 
A deficiency of potassium did not significantly affect the number of leaf 
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spots but did significantly limit the length of the spots. The abundance of 
the conidia on the leaf spots as observed through the binocular microscope 
was less. 

Phosphorus 

The first signs of phosphorus deficiency, which became evident after 
approximately eight days, were a stunting of the new growth and a purpling 
of the older leaves, particularly along the veins. The new leaves developed 
a darker green color. The number of leaf spots was not significantly 
affected, but the length of the leaf spot was significantly limited. The 
conidia were less abundant on the phosphorus-deficient plants than on either 
the complete-nutrient or potassium-deficient plants. 

Calcium 

The characteristic symptoms of calcium deficiency were, in the first ex- 
periment, a stunting and chlorosis of the new leaves within 12 days after 
transference of the plants to the calcium-deficient solution, followed by a 
necrotic spotting of the leaves and tip necrosis five days later. At this point 
one millimol of calcium chloride was added to the solution to prevent further 
necrosis. In the second experiment the calcium chloride was added as soon 
as the stunting of the leaves was noticed to prevent development of necrotic 
symptoms. The number of leaf spots was significantly reduced. Approxi- 
mately two-thirds as many were found as on the plants on the complete 
solution. The leaf spots were less than one-half as long, and the abundance 
of the conidia was approximately one-half that of the plants on complete 
nutrient. 

Nitrogen 

Seven days after the plants were placed in the nitrogen-deficient solution 
the plant tissue test first indicated that the leaves were low in nitrate nitro- 
gen. The new leaves were reduced in size, and both the new and old leaves 
were yellowish-green in color. The nitrogen-deficient plants -were very simi- 
lar to the calcium-deficient plants in behavior to infection. The number of 
leaf spots was only two-thirds that of the complete-nutrient plants. The 
leaf spots were only about one-half as long. The conidia were approxi- 
mately one-half as abundant as on the complete-nutrient plants. 

GROWTH OP CERCOSPORA CAROTAE OH LEAF- JUICE EXTRACTS OP 
PLANTS GROWN IN VARIOUS MINERAL SOLUTIONS 

The growth of the fungus on sterile juice extracts of plants grown under 
the different nutrient conditions was determined and compared with the 
development of the disease on such plants. 

Carrot plants were transplanted into five i4-inch glazed pots filled with 
white silica sand and grown in a complete-nutrient solution until they had 
approximately ten leaves. The sand then was flushed with distilled water 
and the following solutions supplied, one to each pot : eomplete-nutrient, 
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potassium-deficient, phosphorus-deficient, calcium-deficient, and nitrogen- 
deficient. 

When deficiency symptoms had developed, the leaves were ground, the 
juice extracted with a fruit press, and then diluted by one-third with dis- 
tilled water. This mixture was sterilized by passage through a Seitz filter. 
Fifty cc. of the sterile extract was transferred aseptically to each of five 
125-cc. Brlenmyer flasks. These were then inoculated with a suspension of 
conidia and stored at room temperatures for 2 months. Cercospora earotae 
grew very slowly in these extracts, and formed only a small mat in this 
period. The contents of each flask was filtered and the weight of the oven- 
dried fungus mat obtained. 

There was significantly less growth made on the extracts from the phos- 
phorus and calcium-deficient plants as compared with the complete-nutrient, 
potassium-deficient, and nitrogen-deficient plants. No correlation was 
found between the weight of the fungus mat on the extracts from the |)laiit 
and the number of leaf spots, length of leaf spot, or number of conidia 
produced (Table 1). 

SUMMARY 

Cercospora earotae attacks the leaf blades and petioles of the carrot 
(Daucus carota), and Daucus maritimus^ D. pulcherrimuSj D. pusillus^ D, 
Impamcus and D. gingidium. No marked resistance to Cercospora blight 
was found among 112 carrot varieties, selections, and Daucus species tested 
in the field. 

The germ tubes enter the host through the stomata. The advancing 
hyphae are intercellular at first, but intracellular invasion soon occurs. 
Sporulation may occur soon after the fungus establishes itself in the sub- 
stomatal cavity, but more often after the mycelium has invaded more deeply 
into the host. The fungus invades all of the epidermal and parenchymatous 
tissue between the two surfaces of the leaf blades, but in the petiole seldom 
penetrates very deeply until the leaf begins to die. 

Most rapid growth of the fungus in culture occurred between 19° and 
28° C. Maximum germination of conidia occurred between 16° and 28° C., 
and abundant conidia production between 13° and 28° C. Maximum growdh 
in culture was made between pH 5.5 and 7.0. 

The fungus may persist in the soil from one crop to another and may be 
spread to other fields by wind. 

Infected seed umbels have been observed and viable conidia are found 
on the seed from such plants. Carrot seed, artificially contaminated with 
conidia of the fungus, treated with ethyl mercury phosphate and ethyl mer- 
cury tartrate either as a liquid (1-24,000) or a dust, mercuric chloride 
(1-1000) and Spergon remained free of fungous growth when placed on 
sterile potato-dextrose agar. The effect of several seed treatments on per- 
centage stand has been determined in the greenhouse. 

Number of leaf spots per em.^ did not differ significantly on carrots 
complete in nitrogen, phosphorus, and potassium, deficient in potassium, or 
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deficient in pliosphorus. The calcinm-deficieiit and the nitrogen-deficient 
plants had significantly fewer leaf spots per cin.^ when compared with the 
complete-nutrient plants. The leaf spots attained their greatest length on 
the eoiiiplete-nntrient plants, were intermediate in length on the potassinni- 
defieieiit and the phosphorus-deficient plants, and were shortest on the 
calcinni-defieient and the nitrogen-deficient plants. Conidia were most 
abundant on the lesions on the complete-nutrient plants, less abundant on 
the potassium-deficient plants, and least abundant on the phosphoims- 
deficieiit, the calcium-deficient, and the nitrogen-deficient plants. 

When the fungus was grown on the sterile leaf-juice extracts obtained 
from plants deficient in potassium, phosphoi-us, calcium, or nitrogen and 
plants complete in these elements, more growth was obtained on the leaf 
extracts from the complete, the potassium-deficient, and the nitrogen- 
deficient plants than on extracts of the ealcinm-deficient and the phosphorns- 
deficieiit plants. 
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THE PRESENCE OP A TOXIN IN TOMATO WILT^ 

David Gottlieb 
(Accepted for publication June 12, 1942) 

INTRODUCTION 

Although the fungi that cause many vascular wilts are well Iviiowu, the 
mechanism by which wilting occurs remains a moot problem. Many theories 
have been formulated to account for loss of turgidity by the plants; the 
earliest of these hypothesized the plugging of vessels. Massee (14), working 
on the sleepy disease of tomatoes, and, shortly afterwards, Smith (17), in- 
vestigating the wilts of cotton, watermelon, and cowpea, observed that many 
of the tracheae in the hosts were filled with hyphae. From this evidence they 
postulated the theory that water was unable to pass tlirough tlie xylem in 
sufficient quantities to keep the leaves turgid. Therefore, the plants died of 
drought. Braudes (4), and Ahmet (1), however, point out that mycelium 
usually is not present in sufficient quantities to hinder the passage of water 
in the tracheae. Clayton (5) tested the plugging hypothesis by girdling 
portions of tomato stems, but was unable to obtain a unilateral wilt, such as 
has been observed often in the field. Because of the resemblance borne by 
tomato wilt to the symptoms obtained when poisons are injected into plants, 
Clayton believed that toxins produced by the pathogen caused the ■wilting. 
Evidence was slowly accumulated that many of the wilt organisms produce 
poisons in synthetic media (2, 5, 6). When stems of health}^ plants w^ere 
placed in the filtrates of nutrient solutions in which the pathogen had been 
grown, they wilted; and the vascular tissues w^ere discolored. Prom such 
data the theory that a toxin produced by the fungus causes vascular waits 
has gained credence. In this paper the term toxin is not used in its strict 
medical meaning, but wall indicate a poisonous substance produced in the 
plant due to the presence of the fungus. Good reviews of literature on the 
subject of fungus toxins are given by White (20), Grossman (9), and Fislier 
(8). Many investigations have been made concerning the nature of the 
toxin found in the synthetic media, but the active principle has not yet been 
identified (7, 13, 16). Still another explanation of the cause of wilting has 
been advanced by Tochinai (18) . In a study of the physiology of Fz/sarmai 

he discovered that a large amount of carbon dioxide was produced by 
the parasite. This, he claimed, could form gas pockets in the vessels, which 
might stop the movement of water through the stem, thereby causing the 
wilting of flax. 

Evidence for the existence of fungal toxins has been obtained by growing 
the fungi in synthetic media. Such evidence is not entirely conclusive. It 
is w^ell known that materials produced by fungi will vary with the substrate 

1 Paper No. 2003, Seieiitifie Journal Series, Minnesota Experiment Station. Assis- 
tance in the preparation of figures 2, 3, 5 was furnished by the personnel of the Works 
Projects Administration, Ofaeial Project No. 165-71-1-124, Sponsored by the ITiiiversity 
of Minnesota (1942). 
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on wliicli they are grown (3). Rosen (15), for example, found that 
Fusarium vasinfectum produces a toxic substance when grown in Richards’ 
solution, but not when grown in nutrient broth or Uchansky’s solution. 
Since the environment and nutrients in the tracheae of a plant are very 
different from those of a synthetic nutrient solution, there is a possibility 
that no toxic materials or that different toxins are produced by the fungus 
in the host plant. Hursh (12) sums up the present status of the problem 
very aptl}^ : 

‘'It was postulated that the pathologic condition in plants infected with 
certain wilt disease might be brought about by some fungus products del- 
eterious to the host tissue that had been transported considerable distances 
through the stem from the point of attack. Should the presence of such 



Fig. 1. Tomato plants used for the extraction of tracheal fluid. A. Noninoculated 
turgid plants. B. Inoculated wilted plants. 

substances actually be demonstrated it would be an important contribution 
to an understanding of the physiology of fungus parasitism.” With this 
in mind, the object of the x>resent research was to ascertain the presence or 
absence of toxins as a factor in the fusarial wdlt of tomatoes. 

materials and procedure op the present work 

The Bonny Best variety of tomato wms used as the host and a virulent iso- 
late of Fiisamim lulhigenum veiv, lycopersici^ as the pathogen. Tomato 
seeds were planted in flats containing a steam-sterilized mixture of 2 parts 
silt loam and 1 part sand. After the first true leaves appeared, the seedlings 
were transplanted to 4-inch pots and grown until approximately 45 cm. tall. 
The plants were then inoculated with a culture of the Fitsarium 'wlndi had 
been grown in Richards’ solution for two weeks. Wellman’s (19) method 

2 The isolate of Fusarium tuTbigenum vox. lycopersici was obtained through the 
courtesy of Br. F. L. Wellman, U. S. Department of Agriculture. 
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of inoculation was used, and the plants were iniinediately repotted. They 

were covered with inanila paper for 48 hours before exposure to direct 
sunlight. Unless this precaution was taken the tomatoes received a severe 
shock, resulting in injury that might have been confused with the disease. 
The temperature in the greenhouse varied from 75 to 87 ^ C., and moisture 
in the soil was kept just under the saturation ];)oint. Check plants Avere 
treated similarly except that their roots were placed in sterile water instead 
of in the inoculum. Within 21 days after inoculation most of the inoculated 
plants had wilted, whereas the checks remained turgid (F'ig. 1). The vascu- 
lar systems of all the diseased plants were discolored ; those of the healthy 
plants "were not. 

THE EXTRACTION OP PLANT-CELL SAPS AND WILTING OP 
TOMATO SEEDLINGS IN THE EXTRACTS 

The tomato plants were placed in a freezing chamber for 24 hours. The 
leaves were then stripped off and the stems cut into small sections. A hy- 
draulic press was used to express the sap under pressure ranging from 250 
lb. to 15,000 lb. per sq. in. The sap was next centrifuged at 2500 r.x).m. for 
30 minutes and the supernatant fluid freed of the pathogen by passage 
through a Berkefeld filter. The filtered sap was transferred to small tubes 
5 mm. in diameter into which the shoots of tomato seedlings 10 cm. tall were 
placed and observed for wilting. 

No consistent differences in time required for wilting could be observed 
between the seedlings in the sap of diseased plants and those in the sap of 
healthy plants. Both saps caused wilting within 4 hours. An absolute 
check of sterile water also was run. No wilting, however, was observed in 
the checks even after 24 hours. To determine whether the wilting in the sap 
might be due to an effect of osmotic pressure, the sap was diluted as much 
as 1 to 8 with distilled water. Even in such low concentrations, however, the 
plants w.ilted within 4 hours. This indicated that some factor other than a 
high osmotic value was responsible for the toxic condition of the saps of 
both normal and diseased plants when they were thus extracted. Sap 
obtained at a pressure of 250 lb. per sq. in. proved less toxic than that ob- 
tained at a pressure of 15,000 lb. 

It was apparent that if any toxin with a capacity for wilting tomato 
seedlings had been secreted by the parasite in the diseased plant, its action 
was masked by other injurious substances formed or secured during the ex- 
traction of plant saps. Such poisons might be formed by the release of some 
cellular contents and their chemical change upon death or injury to the 
plants. In his investigations on wilt of potatoes, Haskell (11) has evidence 
to support this possibility. He discovered that when a portion of the stem 
was killed with steam some poisonous materials were formed that discolored 
the vascular system, as occurs in the fusarial wilts. To preclude the effect 
of such poisonous agents in the sap, a method was devised for using tracheal 
fluids rather than the expressed sap. 
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CENTRIFUGING TRACHEAL FLUIDS 

Since the pathogen is a vascular parasite, it seems reasonable to assume 
that any toxins present should first appear in the vascular fluids. An assay 
of these fluids should reveal the presence or absence of the toxin involved in 
tomato wilt. Centrifuging the vascular fluids from the stems of the plants 
was decided on as ofEering the most feasible means of obtaining these liquids. 


Apparatus 

Centrifuge tubes similar to those described by Hamm et al. (10) for 
speetrographie analysis were used. These had been previously modified so 



CENTRIFUGE TUBE 

Fig. 2. Centrifuge tube. 


that the steins were contained in a glass inner tube with a small hole at the 
closed end through which the liquid escaped into the eolleeting chamber. 
Because of the extremely small amounts of fluid obtained by centrifuging 
tomato stems, a different type and much larger tube was designed^. The 
Yessel was constriieted of a section of heavy walled pyrex tube 130 mm. long 
and 60 mm. in diameter. One end of the tube was sealed to form a rounded 
bottom, and a collar was blown into the inside of the vessel, 30 mm. from the 
bottom. This shelf supported a removable stainless-steel plate 55 mm. in 
diameter and into which 100 2-mm. holes had been drilled. A steel rod was 
riveted to the center of the plate to facilitate removing the stems from the , 
3 Tlie aid of Dr. Eicbard Nelson in designing this tube is greatly appreciated. 



130 


Phytopathology 


[ VoL. 33 


centrifuge tube. The diaphragm was covered with glass wool to filter off any 
solid particles dislodged from the stems during centrifuging (Pig. 2). 

Since chemical changes might occur during the extraction, the entire 
experiment was run under an atmosphere of nitrogen. The joints of the 
centrifuge were sealed with glazier’s putty and the cover sealed with 
petrolatum. A water trap was placed between the nitrogen tank and the 
centrifuge to aid in regulating the flow of gas. The outlet of the trap Vfas 
provided with a 3-way stopcock ; one of the arms led to the centrifuge cham- 
ber and the other to a pipette used for flushing the centrifuge tubes free of 
air before each run. This same outlet was used when filtering the tracheal 
fluids anaerobically. The entire apparatus is illustrated in figure 3. An 



Fig. 3. Apiiaratus for centrifuging and filtering tracheal fluids. 

analysis of the gaseous contents of the centrifuge after some sample runs, 
showed the presence of only 2.01 per cent of 2.12 per cent oxygen, with an 
average 2.03 per cent. 

Procedure 

The plants were grown and inoculated as described in the previous 
experiment. After they had wilted, the leaves were removed and the stems 
cut into pieces 8 cm. long. These were packed in the tubes, which were then 
flushed with nitrogen and centrifuged. The centrifuge was washed with 
nitrogen for 40 minutes prior to addition of the samples and the gas con- 
tinued to flow into the machine during the entire extraction. After centri- 
fuging for 20 minutes, the liquid was removed from the collecting tubes and 
stored under nitrogen at -18° C. for 12 to 24 hours. The tracheal fluids 
later were filtered anaerobically.. 

Small vials made of 4-mm. glass tubing, 50 mm. tall, having a capacity 
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of 1.5 ml., were used to hold the tracheal fluids and the seedlings during 
the tests. Large corks were found to be excellent bases for them. One ml. 
of the filtrate was placed in each test vial. Seedlings 3 weeks old and 6 to 8 
cm. tall, whose vstems had been cut under water, were used to test for the 
presence of a toxin, one seedling being placed in each vial. These assays 
were run in the laboratory under an illumination of 405 foot candles ob- 
tained from 2 100-w. Mazda lamps at a height of 60 cm. from the table. The 
temperature varied between 26 and 28° C. The time required for Avilting 
of seedlings in the vials was observed. Tracheal fluids from the uninfected 
tomatoes were used as checks. To determine whether the tracheal fluid of 
normal plants affected the seedlings, absolute checks Avere run AA^ith distilled 
water. 

Precautions Taken in Selecting Plant Materials 

The plants were examined for vascular discoloration before using them 
in this AAmrk. All 152 of the inoculated plants had brown vascular bundles 



Fig. 4. Assay for toxin. Vials labeled N.F. contain tracheal fluid from noninocu- 
lated turgid plants. Vials labeled W.F. contain fluids from plants ■which were inoculated 
with Fiisarium hulhigenum var. lycopersici and which had wilted. 

at time of Avilting. This discoloration was absent in the 103 noninoculated 
plants. Microscopic examination of free-hand sections from stem and root 
tissues fixed in Formalin, alcohol, acetic acid solution, showed that the 
tracheae of the inoculated plants contained mycelium ; A\"hereas, no mycelium 
AAms found in the noninoculated ones. Isolations on potato-dextrose agar 
AA^ere made from the same plants and a Fiisarmm Avas obtained from all the 
material that had been inoculated. No Fusarium was isolated from tissues 
of health}^ plants. Mycelium from the isolations Avas reinoculated into 
healthy plants and caused a typical Avilt. . 

THE EFFECTS OP TRACHEAL FLUIDS ON TOMATO SEEDLINGS 

A total of 42 seedlings, divided into 3-series, Avas used to determine the 
toxicity of the vascular fluids. Sixteen seedlings Avere placed in the extract 
of the diseased plants, 14 in the extracts of normal plants, and 12 in distilled 
AA’'ater. In each series the seedlings in the liquid obtained from the diseased 
plants Avilted long before those in the fluid from the healthy plants, the time 
required A^arying from series to series, from 1 hour to 7 hours (Pig. 4) ; but 
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m 


Pig. 5. Chart showing time required for tomato seedlings to wilt. Black bar denotes 
tnrgidity; white bar indicates a wilted condition. Fluids N.P. were obtained from non- 
inoculatedj turgid plants. Fluids W.F. were obtained from inoculated wilted plants. 
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in eacli series, the replicates lost their tnrgidity within 1 hour of each other. 
Only 1 seedling* in 1 series, W.F.b (0 dil) in series C, failed to wilt; it was 
only slightly flaccid even after 19 hours. All the seedlings in the fluids of 
normal plants and those in distilled water remained turgid during the entire 
course of the analysis (Fig. 5). Dilution of the fluids from diseased plants 
affects wilting. Although seedlings wilted much sooner in a zero dilution of 
the extract than in greater dilutions, there was no significant correlation 
between the rate of dilution and the rapidity of wilting. The results indicate 
that there is some toxic material in the tracheal fluids of tomato plants in- 
fected with 7; var. lycopersici. 

tracheal fluids from physiologically wilted plants 

Because of the chance that the toxic character of the tracheal fluids was 
due to a generalized physiologic reaction of the host to the process of wilting, 
and not specifically to the presence of the parasite, another series of ex- 
periments wn,s planned. In this series the vascular fluids of normal plants 
w^'ere compared with those of tomatoes which had been deprived of water so 
that they w^ere in an advanced stage of wilting. Eight seedlings were placed 
in each of the different fluids. All the seedlings in the extract from the 
normal, turgid plants and all in the extract from tomatoes which had wilted 
because of insuffieient water, remained turgid even after 24 hours. Thus, a 
physiological wfilting in itself does not result in the presence, in tracheal 
fluids, of materials toxic to young tomato seedlings. We may justly conclude 
that the toxin present in tracheal fluids from plants wilted by Fusarmm 
hulMgemim var. lyco^yersici must be due to the activity of the fungus. 

DISCUSSION 

From the results obtained in this investigation, it is evident that a toxin 
is present in the tracheal fluids of tomatoes showing fusarium wilt. The 
active constituent, moreover, is associated definitely wuth the presence of the 
fungus, Fusarmm hulhigcmmi var. lycopersici^ for, when wilting was in- 
duced in absence of the pathogen no toxin could be found in the fluids. This 
evidence is in line with past researches showing that the fungus produces 
poisonous substances in artificial media. However, the identity of the 
toxins in the tracheal fluid and those in the synthetic media has not been 
ascertained. Rosen (15) has criticized the evidence obtained by growing the 
pathogen in nutrient solutions. He found a toxin when Fusarium vasin- 
f echmi was grown in some synthetic media but none when grown in others. 
He, therefore, raised the followhig questions as to criteria for valid evi- 
dence : ^^It opens up the whole question as to the significance to be attached 
to finding of toxic properties with any medium which does not closely ap- 
proach the chemical and physical makeup of the natural host.’’ 

The teehiiiques used in the present study for demonstrating the role of 
toxins in tomato wult ought to fulfill, to some extent, these criteria. Since 
the fungus inhabits the lumen of the xylem, the xylem fluid is the natural 
medium for the growdh of the parasite and the production of toxin. In 
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addition, tlie method of extraction precluded, so far as possible, the op- 
portunity for chemical changes of the fluids. 

Still, there is a chance that the toxic material is not a direct product 
of the fungus metabolism. This component of the vascular fluid might re- 
sult from host cells killed or injured and disorganized b.Y the penetration 
and progress of the fungus. HaskelPs (11) evidence for the production of 
poisonous substance by steam-injured stems indicates tliis possibility must 
not be overlooked. However, separation of the direct and indirect effects 
of the fungus would be exceedingly difficult to demonstrate. 

The centrifuging technique should j)rove valuable in the study of vascu- 
lar parasites, such as are involved in Dutch Elm disease, Verticilliiim wilt 
of maple, potato wilt, and many others in which toxins are suspected. By 
tliis means the tracheal fluids can be obtained with a minimum of mixture 
with cell sap and with relatively little chemical change. Among its ad- 
vantages over the sap-displacement procedure are the short time required 
for the extraction, the fact that there need be no dilution with water, and 
that the entire process can be run under anaerobic conditions. In addition, 
the procedure can be adapted for herbaceous as well as woody plants. The 
only requirements are that the stem be sufficiently sturdy and tliat there be a 
sufficient number of vessels with a bore large enough so that the forces of 
capillarity can be overcome by centrifuging. Therefore, it could not be used 
suceessfully on such crops as wheat and flax. 


SUMMARY 

A iiietliod has been, devised for collecting anaerobically tlie tracheal fluids 
of plants. 

Tomato plants wilted by Fumrium litlhigemmi var. lycopersici contain 
a toxin in their vascular fluids. 

No toxins were found in tomato plants wilted by lack of suifieieiit soil 
water. 

When the cell sap of either healthy tomato plants or those with Fusarium 
wilt is expressed from the stems under aerobic conditions, a poisonous sub- 
stance is present that causes tomato seedlings to wilt when placed in the 
sap. 


The writer wishes to express his thanks to Dr. B. C. Stakinan and Dr. 
Helen Hart for their many helpful suggestions ; to Dr. Ian W. Tervet for 
his interest and encouragement during the course of the research; and to 
Betty Gottlieb for her aid in carrying out this investigation. 
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STAMEN BLIGHT OF BLACKBEKRIES' 

S. M. Zeller AN-D Alvin J. Braun 
(Accepted for publication May 28, 1942) 

Stamen blight of blackberries caused by Eaioalospliaeria deformans 
Sydow was first observed iu Oregon in 1937 on Young dewberry grown at 
Kellogg, Douglas County (5). The wild Trailing blackberry {Bul)us macro- 
loetalns Doug.) growing along nearby fences also was infected. The follow- 
ing year infected Young and Boysen dewberries were discovered by P. D. 
Bailey at North Albany. A year later scattered infections were observed 
on several commercial plantings of Evergreen blackberry (B. laciniatus 
AVilld.), in Marion County. The disease is widely distributed throughout 
the Willamette Valley on Young and Boysen dewberries, and the Evergreen 
blackberry. 

Stamen blight of Loganberries was reported in British Columbia by 
Dearness and Poster in 1933 (3). In a recent communication from Glenn 
A. Huber of the Western Washington Experiment Station (Puyallup) rec- 
ord is given of liapalosphaeria deformans on the Young (Olympic) variety 
of blackberry in the Puget Sound area. It is evident, therefore, that this 
disease is Avidely distributed throughout the Pacific NortliAvest, especially 
west of the Cascade Mountains. 

In Europe the first published record of the stamen-blight organism was 
by H. and P. SydoAv (1) under the new name Faepalopsis deformam (1907). 
The type locality wms Thuringia, Germany, on Buhus caesius L. (syn. i?. 
dumetorum Weihe). There is also a report (4) of this disease on R. fruti- 
cosis L. in England in 1904. Diedicke and Sydow (2) first illustrated the 
fungus within anthers. 

SEVERITY OF THE DISEASE 

The most abundant infection we have observed involved about 70 |)er 
cent of Young dewbeny blossoms in a 6-acre commercial planting in 1937. 
The long life of such plantings and their concentration in culture ordinarily 
should favor cumulative epidemics in succeeding seasons. Seasonal epidem- 
ics of this pathogen, however, are greatly influenced by the fluctuation of 
aerial environments. Thus in 1938 the above-mentioned planting showed 
but 15 per cent infection and up to about 30 per cent one season since. Con- 
sequently, when conditions are favorable stamen blight has potentialities for 
serious berry-crop losses. 

DESCRIPTION OP THE DISEASE 

In the spring, when the flowers of the host open, the fungus is most read- 
ily detected. When the petals first unfold the diseased anthers already have 
a moldy appearance due to white masses of spore coils (Pig. 1) . Soon after 

i Publislied as Teebmeal Paper No. 412, witli the approval of the Director of the 
Oregon Agrietiltnral Experiment Station. Contribution from the Department of Botany. 
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EiG. 1. Young dewberry dowers in two stages of blooming. The two above infected 
B.a'palosphaeria deformans. Note the snowy-white coils of spores exuding from 
pyenidia in the anthers. These cirri are especially prominent immediately after the 
flowers open. Note also that the infected anthers do not dehisce, as do the healthy (lower 
right). 



Fig. 2. A. Cross section through a healthy Young dewberry anther. B. Cross section through a Young dewberry anther infected with 
HapalospJiaeria deformans^ showing the niyceliuni in the tissue and between the pollen grains, as well as the stromatic pseudoparenchyma lin- 
ing the pollen chamber and upon which the spore-tilled pyenidia are seated. (Both drawings by Mrs. D. P. Pogers; both x 120.) 
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the healthy flowei’s open, their anthers dehisce, exposing cream-colored pol- 
len. In contrast, diseased anthers never dehisce but are covered with white 
spore horns of the fnngus. 

The diseased blossoms, completely emasculated by the fungus, usually 
do not develop normal fruits, since blackberry flowers generally are self- 
pollinated. Some of these bee-pollinated flowers may produce deformed 
berries. These are usually unsuitable for canning (Fig. 3). 


Diedicke and Sydow (2) report that Hapalosphaeria deformans ediums 
a type of witches’ broom in the fruiting laterals of Buius caesius. This 
proved true also of infected laterals of B. macropetalus in Oregon. There 
is no evidence, however, of such anomalous growth of infected axillary lat- 
erals of fruiting canes of Boysen dewberry, Evergreen blackberry or Young 
dewberry. 


Fig. 3. Poorly developed berries from blossoms of Young dewberry infected with 
Sapalosphaeria deformans. 
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The fact that the flowers on a fruiting lateral usually are all infected 
indicates infection of the unfolded axillary bud. An individual fruiting 
cancj however, may bear both healthy and diseased laterals. 

THE CAUSAL FUNGUS 

In 1907, H. and P. Sydow (1) first described the hyphomycetous form 
of the causal fungus as Paepalopsis deformans, on Buhns caesius L. The 
following year Diedicke (2) discovered pycnidia in the anther walls, and 
Sydow (2) created the new monotypic form genus, Eapalosphaerm, in the 
Sphaeropsidales to accommodate P. deformans. 

The mycelium in the anther tissues is hyaline, septate, 2-4 p diam., irreg- 
ulaxdy branched, and confined to the intercellular spaces. Strands of 
mycelium form a loose network among the pollen grains within the locules 
of the anthers. The fungus forms a pseudoparenchyma about 2-5 cells 
thick completely lining the w^alls of the pollen sacs (Fig. 2, B). This not 
only prevents the dehiscence of the anthers and escape of the pollen but also 
the complete infection of the anther walls starves the developing pollen. 
Pycnidia with brownish walls are formed in the anthers seated on the pseudo- 
parenchymatous layer and opening to the outside of the anthers. Upwards 
of 50 pycnidia may be found in one anther. 

The subglobose or ovoid pycnidia, 50-110 p in diameter, are filled with 
subgiobose, hyaline pycnidiospores which are about 2.5“4.9 p in diameter. 
These spores are discharged in white coils, which give the anthers the white, 
moldy appearance (Pig. 1) mentioned above. 

The fungus may be readily cultured on potato-dextrose agar. Anthers 
dissected aseptically from closed buds parasitized by the fungus have usually 
yielded pure culture of Eapalospkaeria deformans when planted on the 
above medium. Pycnospores from such flowers when planted in agar Petri 
plates also give pure cultures. 

Pure cultures grow slowly on agar, and thus the colonies form firm, com- 
pact, dark-gray mats. The agar directly beneath these mats and around 
their edges becomes discolored with shades from yellow to deep-Burgundy, 
each isolate imparting to the agar its own particular hue throughout a series 
of subsequent transfers. At times a whiter strain may be isolated but, so 
far as known, these light-colored strains may not differ in other respects from 
the usual dark-gray strain. 

No spores or sclerotia have been formed in the pure cultures of the fungus, 
even during periods as long as 1 year. 

Infected Young dewberry anthers were overwintered in cloth bags on 
and above the ground in an attempt to discover a perfect stage of Eapalo- 
sphaeria deformans. No such stage was found. After 3 years of unsuccess- 
ful attempts it is concluded that if there is a spore form other than the 
pycnidial stage it is formed very rarely and under unusual conditions. At 
any rate, it can be assumed that the perfect stage is not essential to the an- 
nual epidemiology of the disease, especially as indicated by field experiments 
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I'eported later in this paper. Anthers that were not badly contaminated 
with mold after exposure to field conditions during* the winter^ readily 
yielded cultures of K. deformans when plates were poured from agar sus- 
pensions made by crushing the anthers. This indicates a rather long life of 
the thin-walled pycnidiospores, at least when protected within the pycnidia. 

EXPERIMENTS ON FIELD INFECTION 

After unsuccessful attempts to obtain a perfect stage of the causal organ- 
ism during two winters, it seemed probable that the pycnidiospores produced 
in the anthers at blossoming time must be capable of infecting the axillary 
buds of the current-season canes. Two experiments were set up at Kellogg, 
Oregon. In one experiment axillary buds of Young dewberry were dusted 
with spores from infected blossoms at the peak of the 1940 flowering season, 
when the new cane growth was about 3 to 4 feet long. 

Approximately 75 per cent of the blossoms had opened by May 8. At 
this time 5 buds per cane on each of 40 canes were inoculated by lightly 
tapping an infected blossom against an axillary bud just becoming evident 
in the axil of the leaf. A good spore load for each bud was obtained by 
using 1 infected blossom for each set of 2 or 3 buds. Bach of the 40 canes 
was tagged for identification. On May 9, 1941, a count of the number of 
infected laterals growing from the dusted axillary buds was made. The 
results of this experiment are given in table 1. 


TABLE 1. — Data ta'ken Kay 5, 1941f on flowering laterals of Young dewberry orig- 
inating from axillary buds dusted with pycnidiospores of Kapalosphaeria deformans the 
preceding year {May 8, 1940) 


Plant structures dusted 

Total 

counted 

Infected 

Percentage 

of 

infection 

(1) Flowering laterals from axil- 
lary buds dusted with spores 
in 1940 

127 

53 

41.7 

(2) Flowering laterals from axil- 
lary buds not dusted with 
s]3ores in 1940. [Same plants 
as in (1)] 

1000 

55 

5.5 

(3) Natural infection of flowering 
laterals in plants near those 
dusted with spores 

1000 

j 55 

5.5 


In a second experiment all of the canes, young as well as fruiting, were 
removed from a row of 24 Young dewberry plants in a portion of the field 
showing 21 per cent infection. The canes were cut out on August 2, 1940. 
Since the new canes, produced late in the season, attained lengths of not 
more than 2 to 6 feet, they supported relatively few axillary buds. Five 
hundred flowering laterals from these canes, observed on May 9, 1941, re- 
vealed no infection, whereas plants normally treated on either side showed 
from 6 to 8 per cent infection. 

The data presented in table 1, as well as the results of the pruning ex- 
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perinieiit, indicate rather conclusively that axillary buds of current-season 
canes are infected directly by pyenidiospores or perchance b.y sporidia pro- 
duced from them. It may also be observed from these experiments that the 
source of inoculum of this disease probably is limited to the pyenidiospore 
or its derivatives. The period of inoculum production is essentially that 
of and just following* the blossoming period of the host plant. Since, as 
stated above, pyenidiospores may withstand the drouth of sununer and the 
rigors of winter, it is not yet known just when bud infection by Hapalo- 
sphaeria deformans actually takes place between May and the following 
March. It seems probable that the pyenidiospores lie dormant within the 
leafy scales of the winter buds and do not germinate until late in February 
or early March. 

Since the blackberry does not possess a tightly closed scaly bud, infection 
undoubtedlj^ occurs through the more or less open apex. The first evidence 
of bud infection, as observed through a study of histological sections, was 
seen in March. A slight, scattered network of mycelium between the flower 
buds within the axillaiy winter bud was then discovered. Then, within the 
flower buds, a very sparse growth of mycelium ma^^ be found among the 
flower parts. Histological sections, however, have revealed no floral parts 
infected, except the anthers; nevertheless hyphae may be found growing 
over and between the pistils in later stages. Since there is no infection of 
the stamen filaments, incipient infection of the host tissues must be accom- 
plished through the anther walls. Although these anther-wall infections 
have not been followed through successive stages, appressoria produced from 
the mycelium in the inter-anther spaces have been observed on the anther 
walls, and some mycelial penetration at such points has been noticed. From 
this stage fungous invasion of the anther tissues is very rapid. The flower 
buds lie so closely together in the axillar}^ buds that usually all of the flow^ers 
from a given bud are infected. All of the anthers of an infected flower may 
be infected (Fig. 1). 

CONTROL 

During the last 3 seasons, sprays have been ap|)lied empirically for the 
control of stamen blight of Young dewberry, since the critical infection 
period was not certainly known. In 1939 and 1940, lime-sulphur, Bordeaux 
mixture, and a spray known as Truex (containing ammonium polysulpliides) 
were applied at various strengths in January, February, and March. None 
of the sprays was effective. 

Following the knowdedge gained concerning the time of infection from 
experiments of 1941 it is the purpose of the writers to try protective sprays 
on axillary buds of the young canes from the period of full bloom until the 
berries are about half-size. However, lime-sulphur (4 per cent of 32^^ 
Baume) applied August 20, 1941, resulted in 58.9 per cent control, as indi- 
cated by records taken May 19, 1942. 
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SUMMARY 

A disease of the anthers of blackberry flowers is described. The causal 
ori^aiiisnij Hapalosphaeria deformans Sydow, infects through the anther 
walls and forms a pseudoparenchymatous envelope completely surrounding 
the pollen sac. Pycnidia formed on this pseudoparenchyma erupt on the 
surface ready to discharge coils of pycnidiospores when the flowers open. 
Infection takes place through the axillary buds sometime between May and 
March. No perfect stage of the causal fungus has been discovered. Lime- 
sulphur or Bordeaux mixture applied as a dormant spray in January, Febru- 
ary, and March have afforded no control. Lime-sulphur applied in August 
has given indication of about 60 per cent control. Commercial varieties 
affected in Oregon are Boysen and Young dewberries and Evergreen black- 
beny. 

Oregon Agricultural Experiment Station, 

Corvallis, Oregon. 
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MYCORHIZAB ASSOCIATED WITH SOME COLORADO FLORA 

"W. D , Thomas, Je.i 
(Accejited for publication May 30, 1942) 

In order to obtain more information concerning the niyeorliizae of the 
RoekiT- Mountain region, a study was made to determine the types of ni^^co- 
rhizae associated with, certain Colorado flora. 

According to McDougall and Jacobs,^ '‘Mycorhizas are not so abundant 
ill the central Rocky Mountain forests as in some of the deciduous forests 
of the east. . . These workers found only endotrophic mycorhizae on 
Pinus contorta, Juniperus monosperma^ and on three species of Cerco car pits. 
They found the eetendotrophic forms on Pseudotstiga taxifolia and Popidus 
tremiiloides, and both ectotrophic and endotrophic types on Pioea> engel- 
manii. Ectotrophic forms alone w^ere found on Aties lasiocarpa and Pimis 
flexilis. 

METHODS AND MATERIALS 

The materials used in this study were collected in central and northern 
Colorado in the autumn of 1939 and the spring and summer of 1940. Most 
of the material was taken before the ground had become frozen ; however, 
in the higher mountain regions some of the material had to be taken from 
frozen ground. 

The roots of the specimens were taken in their entirety whenever piossi- 
ble. When the specimens were taken from frozen ground the entire root 
system was taken up with its surrounding soil and then thaw'ed in the labo- 
ratory. The roots were killed and fixed in standard Formalin-acetie-aleohol 
solution, cleared, and embedded in paraffin, according to standard pro- 
cedure. Sections were then stained with safranin and fast-green. 

All mycorhizae found in this study were classified under the following 
types : 

1. Endotrophic^ (Pig. 1) 

a. Peloton — coiled masses of hyphae in the cells. 

b. Arbuscule — ^branched haustoria. 

c. Vesicle — probably abortive sporangia.’’ 

2. Ectotrophic^ 

a. Coralloid — the short-roots becoming dichotomously branched. 

b. Ball — a short, branching growth resulting in a ball composed 
of rootlets bound together by hyphae. 

The writer gratefully acknowledges Ms indebtedness to Dr. L. W. Durrell for sug- 
gesting this work and for helpful suggestions during the progress of the inrestigations. 
Thanks are due also to Dr. W. A. Kreutzer, Colorado State College, Dr. E. G. Stakman and 
Dr. C. M. Christensen, Dniversity of Minnesota, for reading and criticizing the manuscript, 
and to Dolores B. Thomas for assistance in preparing the eamera-lucida diagrams. 

2 McDougall, W. B., and M. C. Jacobs. Tree myeorMzas of the Central Rocky Moun- 
tain region. Amer. Jour. Bot. 14: 258-266. 1927. 

3 Burges, Alan. On the significance of mycorrhiza. New Phytol. 35: 117-129. 1936. 

^Laing, E. V. Studies on tree roots. Eorestry Comm. Bull. 13. London. 1932, 
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3. Eetendotrophie — a combination of eiidotropiiic and ectotropliic 
types."" 

4. Psendomycorliiza. 



ill Fotentilla gracilis. C. Pelotoii in JSeUantliella quinqiiinerva. (All drawings made with 
the aid of a camera liicida.) 


EXPERIMENTAL RESULTS 

Ectotropliic niyeorliizae appeared only on trees and slirnbs, the coralloid 
type predominating. The ball type, with the exception of those found on 
Salix scoiilerimia, appeared exclusively on the members of the Betulaceae 
(Table 1). 

Eetendotrophie mycorhizae were rare, appearing only on the roots of 
trees and shrubs. This type was found in only 6 species : Picea engelmanii^ 

5 Althongh there is some doubt as to the ability of one fungus to produce eetendo* 
trophic mycorhizae, this type was considered separately for convenience. 
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TABLE 1 . — Types of mycorlmae found on Colorado flora 


and specimen 


Tmaceae 








Finns contorta Loud 

- 

„ 

__ 

+ 

_ 


+ 

flexilis James 

- 

- 

~ 

+ 


- 

+ 

ponderosa Laws. ... . 

- 

- 

- 

+ 

~ 

- 

4- 

Ficea pungens Eii^elm. ... 

- 

-- 

~ 


“ 

_ 


engelmanii Engelm. . 


- 

~ 


- 

4- 


Fseudotsuga taxifoUa Bi'itt. . 

- 

- 

- 

4 


„ 

-4 

Abies concolor Liiidl. & Gord 

~ 

- 

~ 

+ 

- 

- 

- 

Jiin iperiis scopulorum Sarg 

~ 

- 

- 

4- 

- 



virginiana L 

- 


- 

4 

- 

“ 


communis L. ...' 

— 

— 

— 

+ 

- 

_ 

— 

Salicaceae 








Fopukis deltoides L 

- 


_ 

4- 


_ 

- 

tremuloides Miclix 

__ 

- 

~ 

4- 


- 

- 

angustifolia James 

- 

- 

_ 

- 

_ 

- 

_ 

Salix scouleriana Barr 

_ 

- 


_ 

4- 



Fagaceae 








Querciis utahensis Rydb 

- 

- 

_ 

4- 

- 

“ 

- 

Ulmaoeae 








Ulmiis americana L 


- 

~ 

4- 

- 



Celtis occidentalis L 

liosaceae 



- 

+ 


_ 

- 

Fr unus americana Marsh 


- 


4- 


- 

4- 

pennsylvanica L 


- 

- 

4- 

- 


4- 

virginiana L 

-- 



4- 

- 

— 

- 

Cercocarpus monianus Eaf 

__ 

- 

- 

- 

- 

4- 

- 

PursMa trident ata DC 

+ 

- 


_ 


— 

— 

Fotentilla effusa Dougl 

- 



- 

- 

-- 

__ 

fruticosa L 


- 

■f 

- 

- 

_ 

_ 

gracilis Dougl 

__ 

+ 

+ 

- 

- ; 



Sorb us scopulina Britt 


- 




_ 


Fhysocarp'us monogynus (Torr.) A. Mels. 

- 


_ 

- 


1 - 


Mubus deliciosus James 

— 

- 


__ 

— ! 

_ 

_ 

Frag aria ovalis glauca (Wats.) A. Nels. 

_ 

- 

- 

_ 

_ ' 

— 

_ 

Geuni rivale L 

— 


_ 

__ 

— 

“ 

_ 

Fosa looodsii Lindl 

__ 

— 

_ 

— 


_ 

_ 

Betulaceae 








Betiila fontinalis Sarg 

— 

— 

— 

— 

4- 

— 

_ 

Alniis temiifolia Nutt 

_ 

— 

_ 

_ 

+ 

— 

— 

Oleaceae 








Fraxiniis pennsylvanica Marsh 

— 

- 

— 

— 

- 

T 

— 

Aceraceae 








Acer qlabrum Torr 


— 

— 



1 '~- 

_ 

Leguminosae 








Fobinia pseudoacacia L 

- 

- 

- 


_ 

+ 

_ 

Gleditsia triacanthos L 


- 

- 

_ 

j __ 

4- 

+ 

Thermopsis divaricarpa A. Nels 

-L 

- 

_ 

- 

- 



Medicago sativa L. 

- 

- 

+ 

- ' 




Lupimis parviflorus Nutt 

_ 

- 

_ 

— ^ 

_ 

_ 

_ 

Astragalus parryi Gray 


- 

_ 


- 


_ 

Oxytropis saximontana A. Nels 


— 


— 


__ 

_ 

Folygonaceae 






! 


Polygonum bistortoides Pursh. 

■f 


+ 

_ 

_ 


_ 

Briogomm alatim, Torr 


— 


— 

1 _ 


— 

umbellatum Torr. 

_ 

— 

_ 

_ 

1 ~ 

— 

-- 

Oxyria digyna (L.) Camptd 


- 

- 

- 

i 


- 


Endo- 

tropliic 




Ecto- 

tropliic 


o 




Pseiidomycorliiza 
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Endo- 

trophic 

Ecto- 

tropliic 

0 

Ph 

? 

43 

0 

0 

ci 

tsi 

0 

P 

0 

r 0 

CD 

GC 

PM 

Family and Specimen 

Pelotoii 

Arbuseiile 

Vesicle 

Ooralloid 

Ball 

Folemoniaceae 








Polemoniim viscosim Nutt 

+ 

__ 


- 

_ 

_ 


Gentianaceae 








Gentiana elegans A. Nels 

+ 

_ 

~ 

- 

_ 

- 

- 

parryi Engelm 

+ 

- 

- 

- 


_ 


Swertia palustris A. Nels 

+ 

- 

- 


- 


- 

Frasera speciosa Griseb 

- 

- 


- 

- 



Scrophiilariaceae 








Fedicularis groenlandica Retz 

+ 

- 

+ 


- 

- 

- 

Fentstemon secundifiorus Benth. 

+ 

- 

- 


- 

- 

- 

Fyrolaceae 








Moneses miiflora (L.) Gray 

+ 

— 


- 

“ 

- 

- 

Frimulaceae 








Dodecatheon paiiciflorum (Durand) Greene 

+ 

- 

- 

- 

- 


- 

Labiatae 








Monarda menthaefoUa Grab 

+ 

_ 

- 

- 

- 

- 

- 

Saxifragaceae 








Saxifraga rhomb oidea Greene 

■f 

- 

~ 

_ 

- 

- 

- 

Seuchera bracteata Ton* 

_ 

- 

- 

- 

- 

- 

- 

Banunculaceae 








Aconitum cohimbianum Nutt 

+ 

_ 

- 


- 

_ 

- 

Delphinium subalpmum (Gray) A. Nels 


- 


- 


- 


F'ulsatilla hirtissima (Pursli.) Britt 

+ 

- 

+ 

- 

- 

- 

- 

Aciaea arguta Nutt 

- 

_ 

4 - 

- 

- 


- 

Fanunculus adoneus Gray 


_ 

_ 

- 

- 

_ 

_ 

Orchidaceae 








Limnorehis stricta (Lindl.) Rydb 

+ 

- 

- 

- 

_ 

- 


Corallorhisa multifiora Nutt 


+ 

- 



- 


Spiranthes stricta (Rydb.) A. Nels 




- 



- 

Convallariaceae 








Streptopus amplexifolius (L.) DC 


- 

- 

_ 


- 

- 

Smilacma stellata (L.) Desf 

- 

- 

- 

- 

_ 

- 

- 

Onagraceae 








Fpilobium ang%istifoUnm L 

- 

- 

_ 

~ 

- 

_ 

— 

Oenothera miitalU Sweet 


_ 

_ 

__ 

~ 


~ 

Crassulaceae 








Sediim stenopetalum Pursli 


- 

~ 

- 

- 

- 

- 

Fapaveraceae 








Corydalis aurea Willd 

- 

- 

_ 

- 

- 

- 


U'mbelUferae 








Angelica ampla A. Nels 


- 

- 

__ 

- 

“ 


Eydropliyllaceae 
























MelantJiaceae 








Zygadenus elegans Pursli 

~ 

- 

“ 


- 

- 

~ 

Liliaceae 








Allium geyeri Wats 

- 

- 

~ 

~ 

- 

- 

- 

Leucocrinum montanum Nutt 

- 

_ 

- 


- 

“ 

- 

Lilium montanum A. Nels 

~ 

- 


- 

- 

- 


Liliaceae 








Frythronium parviflorum (Wats.) L 

- 

- 

- 

- 

- 

_ 

“ 

Yucca glaiica Nutt 

- 

- 

- 

- 

~ 

- 

- 

Caloehortus giinnisonii W ats 


- 

~ 

- 

- 

“ 

- 

Iridaceae 








Iris missouriensis Nutt. 


“ 

— 

— 

~ 

" 

” 
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FfiinilT Specimen 

Endo- 

tropbic 

Eeto- 

tropliie 

Eetendotroxdlic 

Pseii domy corliiza 

Pelotoii 

Arbuscule 

Vesicle 

Coralloid 

c; 

Criieiferae 








Erysimum asperum DC 


- 

- 


— 



Ericaceae 








Arctostaphylos uva iirsi (L.) Spreng 

- 

- 

4- 

- 

- 

_ 

— 

Berheridaceae 








Berber is aquifolinm Piirsli 

- 

- 

- 

” 

- 

- 


Grosstilariaceae 








Eihes saximo7itanum E. Nets 

- 

- 

+ 

- 


— 

- 

Sydrangeaceae 








Jamesia americana T. & G 

- 

- 

— 

- 

— 


— 

Campanulaceae 








Ca^npanula parryi Gray 

- 

- 

+ 

- 

_ 

— 

“ 

Geraniaeeae 








Geraniim ricliavdsonii P. & M 

- 


- 

■ “ 

_ 

— 


Monotropaeeae 








Pterospora audromeda Nutt 

- 

+ 

- 

_ 

- 

- 

- 

y aeciniaceae 








Yaocinium scopariuni Leib 

- 


+ 

- 

- 

_ 


oreopliihm Eydb 

- 

- 

4- 

- 

- 

- 

- 

CJienopodiaceae 








Blitim capitatwni L 

- 

+ 

- 

“ 

- 

— 

- 

Boraginaeeae 








Oreocarya virgata (Porter) Greene 

~ 


+ 


- 


- 

CaprifoUaceae 








SaMbticiis mierobotrys Eydb. 

_ 

+ 

- 

- 

- 


-■ 

Linnaea americana Forbes 

~ 


+ 

_ 


_ 


Compositae 








HelimitheUa quincguinervis (Hook.) Gray 

T 

- 

- 

__ 

- 

— 

- 

Budbechia laeiniata L 

+ 


~ 

- 

- 


- 

Mrta L 

_ 

4* 

_ 



_ 


Compositae 








Senecio crassidus Gray 

- 


- 


_ 

— 

- 

cermims Gray ... . 

+ 



_ 

_ 

— 

- 

ere^nopMlns Eicdi. 

- 

- 


- 

~ 

- 

- 

Taraxacum officinale We1>er 

- 


- 

- 

- 

— 

_ 

Chrysotbmnnus graveolens (Nutt.) Greene 

+ 


- 

- 

_ 

- 

- 

Cirsium drummondii T. & G 


+ 

+ 

- 

- 

— 


Artemisia frigida WGlld 

_ 


_ 

~ 

- 



Antennaria rosea (Eat.) Gr 

— 


- 

_ 


_ 

_ 

Anaplialis subalpina (Gray) Eydb 



- 


~ 

_ 

- 

Erigerori salsuginosus Gray 

_ 



- 

- 

_ 


macranihus Nutt ; 


- 

__ 


- 

— 

„ 

Aster engelmanii Gray 

__ 




- 

_ 

- 

porteri Gray 

_ 

- 


- 

- 

_ 


Gaillardia aristata Pursli. 



— 

- 


_ 

~ 

Macliaer anther a varians Greene ; 

_ 

_ 

__ 

_ 

_ 

_ 


B/ydbergia grandi flora (Pursh.) Greene 

. 

- 

_ 

_ 

_ 

_ 

_ 

Achillea millefolium L 

- 

- 

- 

-* 

- 

- 

- 


Pnimis virginiana, Fraxinus pennsylvanica^ Bobmia pseudoacacia, Gleditsia 
triacanthos, and Cercocarpiis montamis. It may be observed that only two 
of these species are widely separated from the taxonomic standpoint, 
whereas Primus and Cer cocarpus are in the same family, as also are Robinia 
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and Gled'iisia. It also is interesting to note that this type of myeorhiza was 
not found in other members of Picea or Primus then under observation. 

Among* the endotrophie mycorhizae observed, the peloton type w^as the 
most common, being* the only type found in the Polemoniaceae, Pyrolaceae, 
Primulaceae, Labiatae, and the Saxifragaceae. The vesicular type also was 
common, occurring* in the Salicaceae, Leguminosae, Polygonaceae, Gentiana- 
ceae, Ranunculaceae, Ericaceae, Grossulariaceae, Campanulaceae, Vaccinia- 
ceae, Caprifoliaceae, and Compositae. It may be noted that this type was 
consistent in its occuiTence among generic groups, but was relatively incon- 
sistent in its occurrence among family groups. 

The arbuscular type, however, was somewhat rare. Arbiiscules were 
found in Potentilla gracilis, Corallorhiza miiltiflora, Pterospora andromeda, 
BUdum capitaiiim, Samhucus microhotrys, Eiidheckia hirta, and CiVsmm 
driimmondii. It may be noticed that only in the case of Budheckia Mria and 
Cirsium driimmondii were arbuscules found twice in the same family. A 
study of the occurrence of these various endotrophie types shows that more 
than one type of endotrophie myeorhiza may appear in a certain species, as 
was the case in Potentilla gracilis, Polygonum hist art aides, Pedicularis 
groenlandica, and Cirsium drummondii. No true endotrophie mycorhizae 
were found in the roots of trees or shrubs. 

Another interesting observation was that pseudomycorhizae occurred 
almost exclusively on the Pinaceae, with the exception of those found on 
Ulmus americana, Primus americana, P. pennsylvanica, Acer glahrum, and 
Gleditsia triacanthos. 

The presence of a humus soil did not seem to control altogether the forma- 
tion of mycorhizae, for mycorhizae were found on Pinus ponderosa, Prasera 
speciosa, and Cirsium drummondii, occurring in sandy soils. 

It was interesting to note that all mycorhizae observed, with the excep- 
tion of those in the Orchidaceae, were found among* the gymnosperms and 
the dicotyledons. Mycorhizas were found from 5,000 to 11,500 feet above 
sea level, being most abundant between the elevations of 7,500 to 10,500 feet. 

Department of Botany and Plant Pathology, 

Colorado State College, 

Ft. Collins, Colorado. 



LIGHTNING INJURY TO COTTON^ 


A. L. Smith 

4 (Accepted for publication June 2, 1942) 

Small areas showing lightiiing-injiired cotton plants may be found 
throughout Georgia from May to September. Since 1936 the writer has 
been requested to examine a number of cotton fields where the growers were 
unable to diagnose the cause of the damage. Careful observation has indi- 
cated that such diagnostic difficulties are due to the wide variations in symp- 
toms. These, from the standpoint of field appearance, maj^ be grouped 
under two general types: (1) Well-defined, circular areas of dead plants, 
that appear immediately or within a few days after an electrical storm. 
These areas have a marginal intermingling of living and dead plants (Fig. 
1, A). (2) Of less frequent occurrence is a dispersed-delayed type of in- 

jury in which none or very few plants are killed outright. Usually no 
evidence of injury appears until ten days or more followung* the electrical 
storm. Scattered plants turn red, wult and die (Fig. 1, B). The delayed 
appearance of symptoms and the absence of a well-defined central point 
does not readily suggest the possibility of lightning injury. Innumerable 
gradations bet'ween these two general types of field symptoms are en- 
countered. 

The condition that invariably appears to be associated with centralized 
killings is high soil moisture extending beyond the surface layer. Appar- 
ently surface water may or may not be present. High soil moisture 
apparently aids downw^ard conduction of the charge and consequent killing 
of the underground stem, tap root, and larger lateral roots. This is fol- 
lowed by the sudden waiting of the above-ground parts. The downward 
rather than outward movement of the charge also limits the size of areas 
affected. The killed areas vary from 15 to 50 feet in diameter, with killed 
plants intermingled with the living for some distance beyond. The magni- 
tude of the discharge obviously determines the size of the areas affected 
when soil resistances are similar. Areas are often elongated in the direction 
of the rows. The alternate furrows and ridges might result in alternate 
high and low soil moisture levels or streams of surface water that would 
tend to influence movement of the electricity along the rows. Young plants 
are killed outright more readily than older ones, probably because of the 
smaller amount of woody tissue and the nearness of the root system to the 
soil surface. Whipple (7) observed that higher percentages of young to- 
mato plants were killed than of older ones. These outright killings in circu- 
lar spots usually are correctly diagnosed. Consequently, the present article 
will be confined to the injuries that are more difficult to diagnose. 

1 Cooperative investigations between the Division of Cotton and Other Tiber Crops 
and Diseases, Bureau of Plant Industry, Diiited States Department of Agriculture and the 
Georgia Experiment Station, Experiment, Georgia. Paper No. 95, Journal Series, Georgia 
Experiment Station. 


150 








Smith: Lightning Injury to Cotton 


. A. Typical liglitiniig-striiek spot sliowing 
Lspersed type of injury with dead, wilting, and 
, of cotton row'' in dispersed area with a dead 
it hill with both plants killed. 
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The dispersed'delayed appearance of symptoms was called to the writer 
attention in 1936, when specimens from an area approximately 200 feet in 
diameter were submitted to the writer by H. W. Eankin.^ The somewhat 
irregularly distributed wilting and killing of plants over such a large area 
results in generally roughly circular spots that show no tendency to elongate 
with the rows. The largest spot so far observed by the writer was about 
300 feet wide. Entire hills, or one or more plants from thickly clustered 
hills, may be affected. A typical portion of a row is shown in figure 1, C. 
The center of such areas usuall}^ can be determined by the higher percentage 
of plants showing injury ; however, no well-defined center may be established 
for some of the larger areas. Such spots apparently result from lightning 
discharges that occur in relatively dry soils or in those having a thin moist 
surface layer with drier soil beneath. Jones and Gilbert (2) state that 
surface dispersion of a discharge wmiild be expected when the first rain 
wets the surface soil following a period of dry weather. Where the dis- 
persal has been so limited that a distinct ^'center’’ is discernible, diagnosis 
is less difficult. Plants in the immediate center of struck spots may show 
mechanical disorganization. Others appear to have been killed immediately 
through collapse of the cambium over a large portion of the plant, particu- 
larly the underground portions including the lower stem, tap root, and 
primary lateral roots. The pith, especially in small plants, frequently shows 
disorganization. This is particularly noticeable from the soil line down- 
ward ; however, in the lower part of the stem the amount of pith may be so 
small that this character is of little diagnostic value. Further from the 
center direct injury to the aboveground part of the stem is infrequent. 
The xylem, except where actual mechanical disorganization of the plant 
occurs, appears unimpaired and may continue to transmit w'ater to the upper 
part, even though collapse of the tissues exterior to the xylem completely 
ghdles the stem. 

The most characteristic symptom of lightning-injured plants in the 
delayed-dispersed type spots, and also at the periphery of those showing 
centralized killing, results from the passage of the charge through the soil 
near the surface. This produces a girdling of the stem just below the soil 
line and a consequent enlargement just above this girdle (Fig. 2, A). The 
first symptom noticeable in such plants is the reddening of the foliage. 
Developments subsequent to girdling are : Callus formation to produce 
collar-like enlargements just above the dead tissue; longitudinal or, less fre- 
quently, horizontal cracking of the dead cortical tissues ; adventitious root 
development when the proliferated portion is in contact with moist soil; 
fungus invasion of the xylem at the girdle and, as invasion progresses dowui- 
ward, the development of discoloration and necrosis; wilting of aboveground 
parts because of their inadequate water supply; and eventual root starvation 
and death of the affected plants. 

In the aboveground parts the general reddening of the foliage is attrib- 

2 formerly Extension Plant Pathologist for Georgia. 
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Fig. 2. Liglitniiig-injury symptoms on cotton stems. A. Plants girdled by lightning 
near the soil line showing a collar-like enlargement above the injury, splitting of the dead 
cortical tissues, and development of adventitious roots. B. Plants girdled experimentally 
by removing a band of tissue below the soil line, photographed 28 days after girdling. C. 
Central stem of cotton plant, sometime after lightning injury, with cracking of the cortex 
and a wide rupture at the axis of the branch and stem. B. Incompletely girdled cotton 
stems which survived injury by formation of new xylem tissue when the original xylem be- 
came nonfunctional. E. Adventitious-root development sufficient for survival of the plant 
following complete girdling and decay of the xylem. 
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Tited to accumulated carbohydrates, increased acidity of the cell sap, and 
anthocyaniii pigment development. This symptom usually is followed by 
rather sudden wilting, death, and defoliation. That the preceding effects 
were the results of girdling was demonstrated experimentally in the field. 
Bands of tissue, -I inch wide and exterior to the xylem, were removed just 
below the soil line. The resultant symptoms, including enlargements above 
the girdle, adventitious root development, invasion of the xylem by similar 
organisms, and the development of anthocyaniii pigment (Fig. 2, B), were 
quite similar to those of lightning-injured plants. The experimentally 
girdled plants had survived for a period of four weeks when they were 
removed for examination. 

Many variations in symptoms, especially among recovered plants, may 
be noted. Irregular elongated areas of sunken, necrotic tissue may show 
on the stems (Fig. 2, C), whereas the latex’al branches develop normally. 
Wide fissures are frequently noticeable above and below the axis of these 
branches with the stem. The xylem, underlying the affected cortex, con- 
tinues to conduct water to the uninjured branches; and their growth is 
affected only slightly, if any. The tops of some plants may be killed down 
to one of the lateral branches. The pith below the injured cortex in sur- 
viving plants is often discolored. The above-described symptoms have been 
observed at mid-season or later and usually are confined to the more central 
zone of struck spots. The infrequent occurrence of such symptoms and the 
irregular jDatterns of injured tissues suggest that the plants were w^’et or 
partly so at the time of lightning discharge. 

Continued survival of girdled young plants is apparently not very 
common. On older plants partial ghxlling and recovery is more frequent. 
Eecovered plants may appear to be normal. When, however, such plants 
are pulled and examined, the stems at or under the groundline are flattened, 
in most instances, due to a new growth of tissues on one side and the exposed 
xylem on the opposite side. Walker (6) has previously reported greater 
damage to the side of cabbage stems facing the center of the discharge area. 
With the plants illustrated in figure 2, D, the cortical and eambial tissues 
w^ere killed on the side nearest the discharge. The xylem thus exposed 
became infected by organisms and eventually became non-functional. With 
other plants an enlargement below the soil line with much cracking of the 
old cortex was the onl}^ evidence of injury having occurred. Occasionally 
the formation of adventitious roots is adequate for support of the plant 
after complete decay of the stem at the injury (Fig. 2, E) . 

The dispersed-delayed lightning injmy effect, in some instances, may 
have been attributed to fungus organisms (1). In fact, in the first instance 
that came to the writer’s attention, pathogenic organisms were suspected, 
and tissue cultures were made from the xylem of a number of plants, 
Bhkoctonia hataticola (Taub.) Butler was obtained from a majority of the 
cultures and R. solani Kiihii was second in frequency of occurrence, often 
in combination with the former. Other organisms were secured less fre- 
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queiitly. It was evident that B, lataticola entered the xylem in the region 
of the girdle and progressed downward into the roots and later invaded 
the cambium, phloem, and cortical tissues. The tissues above the girdle, 
supplied with evolved plant food, were not attacked by jB. hataficola,, 
although a portion of the vessels in this region became discolored. B. laiati- 
cola is of interest in connection with reports of its pathogenicity on cotton 
of some species other than Gossypium Mrsutum in India (4, 5), Greece (3), 
and Africa (1). American upland varieties in comparison with varieties of 
G. heriacettm were found relatively resistant to this organism (3). 

SUMMARY 

The general appearance of lightning-struck spots in cotton fields varies 
considerably. In the more frequently encountered spots sudden killing in 
small circular areas result. More difficult to diagnose are the somewhat 
indefinite and variable spots in which dispersed and delayed appearance of 
symptoms, without noticeable centralized killing, extends over areas as much 
as 300 feet in diameter. Immediate killing of plants results from the col- 
lapse of tissues exterior to the xylem on the stems, tap roots and the larger 
roots. Plants surviving for varying periods almost invariably show a collar- 
like enlargement at or just below the soil line where the plants are com- 
pletely or occasionally partially girdled. The girdling is caused by the 
killing of cortical and cambial tissues in a band that is usually about inch 
wide. Other symptoms of surviving plants include irregular, longitudinally- 
elongated necrotic areas on the side of the stems. B. hataticolay reported 
to be parasitic on certain Asiatic species of cotton, frequently invades the 
lower stem and roots of lightning-injured plants of G. Mrsutum in Georgia. 

Georgia Experiment Station, 

Experiment, Georgia. 
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DECLINE DISEASE OF RASPBERRY" 

S. M. Zeller and A. J. Braun 
(Accepted for publication May 25, 1942) 

A decline disease of the Cuthbert red raspberry has been known to exist 
in the Pacific Northwest for a number of years. This disease has received 
rather intensive study, especially in Oregon, and is perhaps the same as the 
one that has concerned growers of raspberries in British Columbia in recent 
years. 

The disease is manifest wherever the Cuthbert raspberry is grown in west- 
ern Oregon, and becomes epidemic in districts where this crop is grown inten- 
sively, especially where there are large commercial plantings. Our studies 
on the decline disease have been conducted entirely in Oregon ; therefore, the 
consideration of the occurrence is based on Oregon climatic and edaphic con- 
ditions. In some plantings where the disease is just starting the damage is 
slight, Avhile in others the losses of plants vary from serious to almost total 
within 3 or 4 years after planting. 

The economic importance of the decline disease is measured essentially 
by the percentage of plants affected. A plant that has had the disease for 
one full season is almost valueless. Relatively large diseased areas in a 
planting, therefore, may easily reduce yields below a profitable basis. 

Although other varieties and species of Btihiis show somewhat similar 
dying out of plants, the decline disease has not been proved outside of the 
Cuthbert raspberry. 

SYMPTOMS 

Unfortunately, there are no consistent or continuous s^nnptoms by which 
alone the decline disease may be identified. Diagnosis depends more upon 
chronological performances than upon concrete symptoms. This is truly 
a ‘ ‘ running-out ’ ’ disease. 

If infection takes place late in the season the first indication of the dis- 
ease the following spring is the retarded appearance of the new succulent 
shoots. These have more of a reddish color than the earlier healthy canes. 
During the growdng season, however, the leaves show no abnormalities until 
growth slows down in the autumn. Leaves of diseased plants produced after 
this time have considerable dowiward leaf roll and more definite fluting 
along the veins as compared with the flatter leaf blades on normal plants 
(Fig. 1) . These rolled leaves toward the tips of affected canes possess some- 
what less interveinal greenness than normal leaves, and are slightly bronzed 
along the margins and crests between the veins. The internodes in these tip 
areas are foreshortened, as indicated in figure 1. This condition, as sug- 
gested above, usually does not occur at other times during the growung sea- 
son, under field conditions. In the greenhouse, how^ever, this leaf-rolled 
condition is a predominant symptom throughout the cane-growth period 

1 Published as Technical Paper No. 411, with the approval of the Director of the 
Oregon Agricultural Experiment Station. Contribution from the Department of Botany, 
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(Fig\ 3, A). Canes of affected plants, under field conditions, do not attain 
the height and diameter of normal growth and are otherwise weakened and 
nnhardy, as indicated by the fact that they may die in the winter, or the 
buds lack the vitality to produce lateral growth the following spring. A 
general decrease in size and abundance of the root system parallels the 
depletion of the canes. The smaller roots and feeder rootlets gradually 
become less numerous as the disease progresses. The influence of all of these 


Fig. 1. Tips of current season growth of Cuthbert raspberry canes taken from the 
field, October 8, 1941. Cane on left infected by decline disease shows leaf rolling and 
fiuting symptoms. Healthy cane at right. 

retarding factors results in a progressive deterioration of the whole plant 
over a maximum of about 3 years (Fig. 3, B) . 

The raspberry decline disease has no leaf or cane symptoms similar to 
those that characterize other described virous diseases, but fruit symptoms 
are similar to those of the Cuthbert raspberry infected with green-mottle 
mosaic (Rubus virus 1) or yellow mosaic (Rubus virus 2), The fruits are 
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small, irregular, and tend to be globose rather than ovoid. When the ripe 
berries are picked the diaiplets fall apart readih^, producing a condition 
commonly referred to as crumbliness. The berries, therefore, are worthless, 
and are not harvested from infected portions of the fields. 

The disease usually forms circular areas by spreading from foci, which 
doubtless are single infected plants. The effects of the disease in this respect 
are quite similar to those resulting from root-weevil infestation. Figure 2 
illustrates one of these areas, which was over 200 feet in diameter. There 
are usually no healthy plants left within the involved areas. This clean 


Pig. 2. Sector of a diseased area in Gutlibert raspberry planting showing damage 
done by the decline disease. (Photographed May 25, 1940.) 

sweep by the disease might lead to the conjecture that spread of infection 
involves some underground factor, such as natural root grafts or a hypoge- 
ous biotic vector. Decline disease occurs on several different soils, indicat- 
ing that type of soil is probably not a factor in its epidemiology. Drainage 
and fertility are not factors in all localities where the disease occurs. 

EXPERIMENTAL STUDIES 

Previous to the grafting experiments that resulted in the transfer of the 
disease from affected buds or patches of bark to healthy Cuthbert raspberry 
plants, many types of empirical tests were made to learn something of the 
nature of the disease. Following unsuccessful attempts to isolate a causal 
organism from canes and roots, samples of soil from diseased areas were 
cultured by W. B. Bollen, Soil Bacteriologist, Oregon State College. No 
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unusual soil or parasitic organism was found. Healthy and diseased plants 
were grown in pots in the greenhouse in soils originating from healthy areas 
in the field where the decline disease was prevalent. In all such eases 



Fig. 3. A. Cuthbert raspberry plants grown in greenhouse : One at right infected by 
decline disease shows extreme leaf symptoms; one at left, healthy. (August 5, 1941.) 
B. Diseased plant photographed in the field. 0. Healthy plant in same row and 50 feet 
from diseased plant B. (June 26, 1941.) 


the healthy plants remained healthy and diseased plants developed acute 
symptoms (Fig. 3, A). 

When a healthy and a diseased plant were grown in a single pot of soil, 
the healthy plant in each case has remained healthy for one year, even though 




xuu 


ril Y TOi^ATHOL.UUy 


[VOL. ’ 6'6 


the plants became pot-boniid by the intermingling of the roots of the two 
plants. Negative results from several such experiments indicate that nat- 
ural grafts of I’aspberry roots in close proximity in the soil are not readily 

accoBiplislied. 

Good balanced fertilizers, or stable manure, added to tlie culture of plants 
with the decline disease in the field greatly stimulated their gTowtli, but did 
not effect a cure or result in the eradication of the disease. 

TRANSMISSION BY GRAFTING 

Although under field conditions there is very little about the disease to 
suggest a virous etiology, we finally resorted to the grafting of roots and 
canes. In several cases roots of healthy plants were grafted to roots of dis- 
eased plants, buds from diseased canes were grafted into canes of healthy 
plants, and diseased plants were inarch-grafted to healthy plants. So far 
no eases of transmission through root grafts have been apparent, but in all 
cane-graft experiments, whether organic union between diseased cions and 
healthy canes was or was not accomplished, the disease was transmitted to 
the healthy plants. In some cases of bud grafts the diseased buds did not 
live, but the disease w^as transmitted to the healthy plants, as through 
^ ^ patch grafts. All of the above grafts Avere made in late summer on 
potted plants in the greenhouse. No symptoms appeared that autumn 
(1941). Accordingly, these potted raspberry plants were set outside all 
Avinter and brought back into the greenhouse the next spring (1942). As 
soon as leaves were well developed the leaf -rolling symptoms of the decline 
disease characteristic of greenhouse-grown plants appeared throughout the 
stock plants that had been health}^ the previous season. When new succulent 
canes appeared from the soil they bore rolled leaves, and shoAved all the 
characteristics of the disease. 

It appears, therefore, that the decline disease is caused by a virus, AAdiich 
is readily transmitted through grafting. A total of 8 cane grafts Avas made. 
Transmission of the decline virus of Buh^ls AA^as effected in all. 

No insect vector of this virosis has been discoA^ered. 

CONTROL 

No specific measures haA^e been tested for the control of the raspberry- 
decline disease. Incidentally, however, plant selections, made by EoAvell 
Brothers, Scholls, Oregon, to rid Cuthbert raspberry planting stock of a 
bud-perpetuated disease, known locally as '‘crumbly berry,” have resulted 
also ill a stock that has remained free from the decline disease for several 
years after planting in disease-free soil, Taa^o Cuthbert plantings Avithin a 
locality where the decline disease has been epidemic have recently been certi- 
fied by the Agricultural Extension Service of Oregon State College as free 
from all known Auroses, including that now known as the decline disease. 
Control of the disease aauII, therefore, be attempted through certification of 
planting stock. Other A^arieties of raspberries and other species of Buhus 
are under test for resistance to decline. 
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For want of a better descriptive common name for tliis virosis we are 
using decline disease of raspberry. As a binomial we suggest Minuor 
ruborum (from minuor, to dwindle or decay, and riihorum, of Buhus) : and 
Riibns virus 8 in the numerical system. 

SUMMARY 

A disease of Cutlibert red raspberry lias caused the decline of large areas 
of plants in commercial plantings throughout the Willamette Valley of 
western Oregon. Affected plants present no particular disease symptoms, 
except a gradual dwindling in vigor of canes and roots, and some leaf rolling 
and fluting in late autumn. This leaf roll is characteristic throughout the 
season when affected plants are grown in the greenhouse. 

This decline disease of raspberry has been transmitted by grafting dis- 
eased buds onto canes of healthy plants. No insect vector has been discov- 
ered. The common name, decline disease of raspberry, is proposed for this 
virosis, Mimior rtihoriim is suggested as a binomial, and Rubus virus 8 as 
the numerical designation. 

Oregon State College Agricultural Experiment Station, 

Corvallis, Oregon. 



SOME EFFECTS OF SAND AND NUTRIENT SUPPLY ON A 
PHYSIOLOGICAL LEAP SPOT OP CANTALOUPE^ 

E. C. Pierce and D , L. Stoddard 
(Accepted for publication May 30, 1942) 

Attempts to grow cantaloupe (Cucumis melo L.), during the winter, in 
quartz sand with a constant supply of nutrient have not produced plants of 
desired vigor or quality. Plants so grown ivere rather spindling and lacked 
deep green color. The lower leaves developed water-soaked areas, wdiich 
collapsed within a period of 24 to 36 hours. The leaf spotting, in severe 
cases, resulted in progressive defoliation of the plant until only the young 
leaves near the growing point remained. 

Unpublished data of Crane and Shear have shown that similar troubles 
with tung trees grown in sand were apparently caused by lack of aeration 
because of the large water-holding capacity of the sand and that these 
troubles might be alleviated by using a coarser sand. Since cantaloupe 
plants are known to grow best in a well-aerated soil, it was thought that the 
difficulties experienced in the greenhouse may have resulted from inadequate 
aeration of the roots or from the method of applying the nutrient solution. 

Two grades of white quartz sand were employed (Table 1). The ratio of 
air space in coarse sand as compared to fine sand was 8 : 1. Four methods of 

TABLE 1 . — Sieve size of the two grades of sand used 


Sieve mesh 

Per cent of sand passing through 

Course ^ ^ E ^ ^ 

Fine No. 1 


Per cent 

Per cent 

20 

99.650 

100.000 

40 

6.490 

52.140 

60 

0.225 

2.700 

80 

0.134 

1.410 

100 

0.058 

0.455 


supplying nutrient solution were used, viz.: ( 1 ) 1000 ml. per crock, per 24 
hours, drip; ( 2 ) 1000 ml. per crock, per 24 hours, slop; ( 3 ) 500 ml. per 
crock, per 24 hours, drip ; (4) 500 ml. per crock, per 24 hours, slop. The 
nutrient solution used was of the following composition : 0.005 M * Ca(N 03 ) 2 , 
0.0025 M • KH 2 PO 4 , and 0.0025 M * MgSO^. This solution was supplemented 
with Fe, Mn, Zn, Cu, and B. Because of numerous cloudy days during mid- 
winter in this area, supplementary illumination was provided during the 
day (8 a.m. to 6 p.m.) by six 300watt bulbs arranged on a rack suspended 
above the eroeks. Twelve seeds of the variety White Seeded Pink Meat w^ere 
sown in each crock and thinned when the first true leaves had appeared, 

1 Scientific Paper No. A28, Contribution No. 1844, Department of Botany, University 
of Maryland Agricultural Experiment Station. 

■ ■ 162 -, 
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leaving* two uniform plants per crock. The sand was kept damp until 
emergence, at which time the nutrient treatments were started. The plants 
were grown for a period of 6 weeks when the various root, stem, and leaf 
measurements were obtained. 

The data on plant growth showed that plants grown on fine sand were 
significantly^ longer in stem growth, but the stems were, at the same time, 
significantly- smaller in diameter than stems from coarse sand plants. The 


TABLE 2. — Effect of sand and treatment on the occurrence of physiological spot- 
ting on cantaloupe leaves 


Treatment 

Total number 
of leaves 

Affected 

Healthy 

value 

Coarse sand 

350 

Per cent 

6.3 

Per cent 

93.7 


Fine sand 

383 

13.1 

86.9 

3.14a 

Drip cnltnre 

364 

17.3 

82.7 


Slop culture 

369 

4.6 

95.4 

5.50b 

1000 ml. per 

24 liours 

371 

14.0 

86.0 


oOO ml. per 

24 liours 

362 

5.5 

94.5 

3.88a 

Fine sand — drij) 

193 

18.7 

81.3 


Pine sand — slop 

201 

7.0 

93.0 

3.68a 

Coarse sand — drip ... 

182 

10.4 

89.6 


Coarse sand — slop ... 

167 

1.8 

98.2 

3.86a 

Fine sand 





1000 ml. — drip ... 

94 

24.5 

75.5 


1000 ml. — slop ... 

100 

13.0 

87.0 

2.06 

500 ml. — drij) ... 

99 

13.1 

86.9 


500 ml. — slop ... 

102 

1.0 

99.0 

3.43a 

Coarse sand 

1 




1000 ml. — drip ... 

92 

14.1 

85.9 


1000 ml. — slop ... 

83 

3,6 

96.4 

2.52 

500 ml. — drij) ... 

89 

6.7 

93,3 


500 ml. — slo^) ... 

84 

0.0 

100.0 

CO 

Fine sand— drip 

193 

23,8 

76.2 


Coarse sand — drij) ... 

181 

6.9 

93.1 

4.72b 

Fine sand — slop 

202 

10.5 

89.5 


Coarse sand — sloj) ... 

167 

1.8 

98.2 

7.07b 


a Significant at odds of 19 ; 1. 
Significant at odds of 99 : 1. 


different methods of applying the nutrient solution had no effect on these 
measurements. In general it can be said that the plants grown in the coarse 
sand were a deeper green, had thicker leaves, and very closely resembled 
field-grown plants. 

The physiological leaf spotting was significantly less on the plants which 
were grown on the medium providing better aeration (Table 2). This was 
true regardless of the comparisons made, whether between sands as a whole, 
between methods of applying the nutrient solution on the same sand type, or 
- Differences significant at tlie one xDer cent level. 
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between methods of applying nutrient solution on the two sands (except 
between 1000 ml. drip and 1000 ml. slop on either fine or coarse sand). 

It was concluded that, under the conditions of this experiment, the coarse 
sand was a superior medium to the fine sand and 500 ml. applied once per 24 
hours was superior to the other nutrient applications used. 

Department op Botany, 

University of Maryland, 

College Park, Md. 



PHYTOPATHOLOGICAL NOTES 


A 71 American Oat Disease Found in Western Anatolia . — On March 24, 
1938, leaf spots on fall-sown oats were observed in the experimental field of 
the Plant Protection Station at Bornova, near Izmir (Smyrn), Western 
Anatolia. They were oblong, not sharply limited, and whitish to ^'Cllowish 
with a reddish border (Fig. 1). They were somewhat numerous but hardly 
enough so to cause much damage in that field. 

Microscopic examination disclosed a fungous disease. The spores of the 
fungus were 2-, rarely 3-septate, hyaline, closely joined in aeervuli on each 



Fig. 1. Leaf spot caused by Fseudodiscosia avenue. 

side of the leaf. They were fusiform, slightly curved spores, each bearing 
a single cilium at each end, the one being long and thick, the other short and 
slender (Pig. 2, left). Thus, they were regarded as belonging to the genus 
Fseudodiscosia Hosterniann et Laubert, An end-to-end measurement of 25 
conidia, disregarding their curvature, gave the following figures: length, 
including cilia, 23-45 p, without cilia, 15-27 p ; average, 34.2 and 20.4 p, 
respectively. The maximum width varied from 3 to 4.5 p, with an average 
of 3.6 p. The spores germinated readily in water. The disease has been, 
until now, unknown in Turkey, and, so far as I know, has not been observed 
in Europe. 
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Isolation of the fungus was siiecessfully performed, but its growth was 
very slow on carrot agar, potato-dextrose agar, and carrot alices. On oat- 
meal agar and on potato sections there was no growth. In the above cul- 
tures the nweeliiim wms hyaline, densely septate, about 3-4 g in diameter. 
There was a striking tendency to form eonidia of abnormal shape. This 
tendency was observed in cultures contaminated with bacteria and on pieces 
of leaves held for some time in a moist chamber, e.g., in the case of increase 
of accompanying bacteria. The spore cells increased or decreased in num- 
ber, and were swollen or abnormally slender. The cilia were swollen or 
their point of insertion changed (Fig. 2, right). 

In reading the Review of Applied Mycology, I became aware of an 
American paper on a Pseudodiscosia on oats. Writing to the author of this 
paper, Eoderick Sprague, I obtained reprints^* ^ that enabled me to identify 
our oat disease and prove its identity with that first observed in Oregon and 



Pig. 2. Gonidia of Pseudodiscosia avenae: normal (left) x 500: abnormal (rigrlit) 

X600. ’ ^ 

Washington in 1934. The appearance of the disease and the pathogen are 
the same. The eonidia are of the same shape and size (10-42 x 2-4 p), 
according to the American authorities. The slow and scanty development 
of the fungus on agar also has been observed in America. There, as well 
as in Turkey, the disease appears in early spring on fall-sown oats only, and 
disappears after the beginning of April. It seems, therefore, correlated 
with cool, damp weather. The writer observed it at the experimental field 
of Bornova in the early spring of 1939 and 1940. To date, it has caused 
little damage there. The American authors named the pathogen Psemdodis- 
cosia avenae Sprague and Johnson. 

It is a rather remarkable fact that a fungous disease of such a wide- 
grown and frequently observed crop as oats has been observed till now solely 
in two countries so remote from each other as are Turkey and the Pacific 
Northwest of the United States. It seemed, therefore, that it might have 

1 Sprague, E. A new leaf spot on oats. Nortbw. Sei. 9. 1935. 

2 Sprague, E., and A. G, Johnson. A new Pseudodiscosia, Mvcologia 28: 181-185. 
1936. 

'^Sprague, E. Notes on diseases of cereals and grasses in Oregon and adjacent 
counties in 'Washington during the spring of 1938. PL Bis. Eptr. 22: 174-175. 1938. 
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been imported b}" chance from America to Turkey ; the seaport of Izmir, con- 
nected by direct steamship lines with North America, is situated not far 
from the experimental field of Bornova. A further observation, however, 
makes this assumption rather unlikely. There occurred some leaf spots of 
the same appearance on a wdld grass on a mountain slope at Oren near 
Kemalpasa, at a distance of about 35 km. from Bornova. In a moist cham- 
ber there developed conidia of the same shape and size as those of Pseiidodis- 
cosia avenae: length, including cilia, 24-39 p, average of 20 measurements 
33.3 p, without cilia 18-23 p, the average being 19.9 p, width 4-5 p, average 
4.25 p. The grass was not in the fiowering stage and, therefore, could not 
be determined. According to its shape, it might have been probably the 
wild oat Avena sterilis L. which species is to be found yerj frequently in 
this region. It seems more likely, therefore, that Pseudodiscosia avenae is 
a native of Turkey, and has either been imported from there to North Amer- 
ica, or its area is very much more extended than we are aware of today. — 
H. Bremer, Giiven Sok, No. 35, Kavaklidere, Ankara, Turkey. 

Peach-suture S2)ot . — A new peach disease, which seems to affect only the 
fruit, wms found last September in one Elberta orchard on the shore of Lake 
Ontario in Wayne County, New York. Its striking and distinctive lesions 
W'Cre located exclusively in the suture region, suggesting the name suture 
spot’’ (Pig. 1.) It can be readily distinguished from the red suture 



Fig. 1. Symptoms of suture spot on Elberta peach fruits at picking time. The 
fruit on left has a small sphere-shape lesion in the early, water-soaked stage of develop- 
ment, scarcely visible from the surface. The other fruits show lesions in advanced stages 
characterized by sunken brownish centers and deep red rims. 

virosis^ which also attacks the same part of the fruit. A similar if not 
identical disease is known to occur in the Niagara Peninsula of Ontario, 
Canada where the writer observed it during the autumn of 1940. 

The most characteristic position of the lesion is astride the suture or 

1 Cation, D. Three virus diseases of the peach in Michigan. Mieh. Agr. Exp. Stat. 
Cire. Bull. 146; 1-11. 1932. 
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crease line about midway between the ends of the fruit. Less frequently 
it may involve only one side of the suture. Only rarely are the spots out of 
contact with the suture or crease line and when this happens the distance 
of separation is only a few millimeters. 

The spots are ordinarily irregularly oblong ovate in shape but in ex- 
treme cases they may be very narrow elongate or almost circular, in surface 
view. The largest lesions encountered occupied a maximum of one-eightli 
the circumference midway between the ends of the fruit and | the length of 
to suture of the fruit. The lesions begin beneath the skin as water-soaked 
areas tinged with red. Lesion development proceeds first to the surface. In 
more advanced stages the lesions extend to the pit. 

The spot lesions are characteristically red during the earlier or hydrotic 
stage. The centers soon change to brown upon death of the affected tissues. 
As the spots enlarge the outer rim becomes red, and remains level with or 
slightly above the fruit surface, which is in striking contrast to the brown, 
depressed, dehydrated, or desiccated interior of the lesion. When cut into, 
the texture of the affected tissues is somewhat corky and tough, with the 
vascular structure in prominent relief. When affected fruits with spots at 
different stages of development were examined, following about 6 weeks in 
cold storage, only some lesions of the earlier stage were found to have en- 
larged somewhat, and these were on fruits not fully mature. 

Suture spot is peculiarly a harvest-time disease. It first attracted 
attention as the first fruits were beginning to ripen. By the time of the 
second or final picking certain trees, distributed iiuegiilarly through the 
orchard, had dropped a variable number of the larger more mature fruits to 
the ground. When it was observed that many of these fruits had striking 
suture-spot symptoms, it was possible to locate affected trees by looking for 
trees -with fruit on the ground. A few trees had practically every fruit 
affected. Such trees might be surrounded by trees almost if not completely 
free of the trouble. Trees with the majority of the drops showing advanced- 
stage symptoms usually held less mature fruits with earlier-stage s^-mptoms,. 
which indicates a common relationship between symptom expression and fruit 
maturity. Once the fruits are mature, spot development apparently ceases. 

The true cause is as yet unknown. All attempts to isolate microorgan- 
isms (bacteria and fungi) from the spot lesions have been negative, suggest- 
ing that the causal agent may be in the nature of a physiogen or virus. — E. 
M. Hildebrand, Cornell University, Ithaca, N. Y. 

Additional Records of Violet Seal ). — The geographic range of scab of 
violet (Viola) caused by Sphaceloma violae Jenkins f includes the United 
States, new South Wales, and the Union of South Africa. Only the original 
record^ of the disease in the Union of South Africa is at hand. There are 

1 Massey, L. M., and A. E. Jenkins. Violet scab caused by Sphaceloma. Cornell 
XJniv., N. Y. Agr. Exp. Stat. Mem. 176. 9 pp. 1935. 

2 Jenkins, Anna E. Additional records of violet scab. PI. Dis. Rptr. 22; 86-88. 
1938. 
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several reports^* ® from Australia, however, and in two instances'^' atten- 
tion is called to its extreme destrnetivity to commercial violet culture. The 
following quotation is from the statement of 1941 : 

^'Violet scab, which has been known to occur in this State since 1934, 
when it was discovered in a Richmond garden, is now common and wide- 
spread, in some seasons causing considerable loss to commercial growers. 
Last year, for example, in a metropolitan garden where a daily harvest of 
fifty dozen bunches 'was normally obtained, scab spoiled almost the complete 
crop.’’ 

In 1937 the disease had been found in 16 localities in New" York, Pennsyl- 
vania, New^ Jersey, Maryland, Virginia, South Carolina, Georgia, Florida, 
and Alabama. Later it was reported^ from the District of Columbia, on 
Viola sp., now identified as Viola ciicnllata Ait. 

Violet scab occurs also in Massachusetts, Connecticut, North Carolina, 
Mississippi, and Texas, and in certain other localities in the States previously 
named. Among the new violet suscepts represented by the more recent 
records of the disease are Viola jooi^ V. priceanay or V. vilmormiana. The 
disease had previously been reported on Viola cucullataf but heretofore not 
on plants definitely identified as this species.^ It w"as first observed on 
English violet (V. odoraia L.), but until now’ it has not been recorded on the 
wdiite-fiow’ered variety. V. cuciillata is a native of northeastern and V. 
priceana of southeastern United States; V, jooi is from southeastern Europe, 
and V, vilmorimana from France. In transmitting the specimen of V. jooi 
Professor Whetzel wnote : 

‘‘This interesting and valuable species is one of the most beautiful in my 
garden. It flowers abundantly in spring before the leaves come out and 
again in autumn wFen cool w^eather comes on. It w"as recently discussed by 
R. T. Clausen in ‘Gentes Herbarum’ (4: 315, 1940).” — Anna E. Jenkins, 

Bureau of Plant Industry, Washington, D. C. 


Physiologic Races in Urocystis triticid — Physiologic specialization in 
Urocystis tritici Koern. apparently has not been extensively investigated. 
Veiwvoerd- obtained no evidence of physiologic races among several coilee- 
tions tested by him in South Africa, including a collection from the United 
States. On the other hand, Yu, et aid described 5 races occurring in China. 

•■^Anonymous. Yiolet Scab. Agr. Gaz. N. S. W. 52: 103. 1941. 

4 Noble, R. J. Australia: Notes on plant diseases recorded in New South Whales for 
the year ending 30th June, 1938. Internat. Jour. PI. Protect. 13: 25M-26M. 1939. 

Jenkins, Anna E. Unusual collections of destructive fungi on plantain and violet 
in the District of Columbia. PI. Dis. Rptr. 24: 370-372. 1940. 

^ Compare footnote 1, p. 7. 

1 Cooperative investigations between the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, Agricultural Research Administration, IT. S. Department of 
Agriculture, and the Washington Agricultural Experiment Station. 

2 Verwoerd, Len. The biology, parasitism, and control of Urocystis tritici Koern., 
the causal organism of flag smut in wheat {Triticiim spp.) and recording the occurrence 
of Urocystis occulta (Wallr.) Rab., in South Africa as the cause of ‘^stem smut^’ in rye. 
Union of So. Africa Dept. Agr. Science Bull. 76, 59 pp. 1929. 

3 Yu, T. E., L. Hwang, and C. T. Tsiang. Varietal resistance and susceptibility of 

wheats to flag smut (Urocystis tritici Koern.). III. Physiologie specialization in Uro- 
cystis triUel Koern. Chinese Bot. Soc. Bull. 2: 111-113. 1936 [Rev. Appl. Mycol. 16: 

305. 1936]. 





The identity of these was based on the results obtained from 4 years’ tests 
on 10 wheat varieties. No other evidence of specialization in this fiingns 
has been reported. 

Although the oceiirreiice of flag smut of wheat in the United States was 
first reported in 1919/ its distribution has been confined, until recently, to 
certain areas in Illinois, Kansas and Missouri. It was observed in 1940 near 
Goldendale, Washington,^ and was apparently more widely present in 1941.'" 
Investigations were begun to determine whether this smut in these two widely 
separated regions was caused by the same or different i3h,ysiologic races. 

Two collections of Urocystis tritici were used, one from Federation and 
certain other spring wheat varieties grown in the greenhouse at Arlington 
Farm, Virginia (originally from Leavenwoxdh, Kans.), and the other a com- 
posite of spores from Hymar (C. I. 11605), Rex (C. I. 11689), and Hybrid 
128 (C. I. 4512), winter wheat varieties, collected in 1941 near Goldendale, 
Wash. The inoculum was prepared by grinding smutted plant parts in a 
hand sausage mill and then separating the powdered spore material from the 
coarser plant parts with the aid of a soil sieve. 

Seed of more than 100 varieties of winter and spring wheat was inocu- 
lated by shaking it and spores together in a glass vial or Petri dish. It was 
then planted in the greenhouse at Pullman, Wash. (1941 and 1942) , Arling- 
ton Farm, Virginia (1941), and Beltsville, Maryland (1942). During the 
period of preemergence the temperature was maintained at approximately 
15°-20° C. At Pullman, following complete emergence of the seedlings, 
Semesan solution was applied at intervals of 3 or 4 days for about 2 weeks 
in order to prevent excessive loss of plants from seedling blight. 

Smut percentages were based on plant counts. At Pullman, the smutted 
plants were removed from the rows as the smut became evident. At Arling- 
ton Farm and Beltsville, the final counts were made when the normal plants 
had reached maturity. Both completely and partly smutted plants xvere 
included, and recorded separately, in the counts of smutted plants. Plants 
were considered smut-free if no infection was evident by heading time, 
although in certain varieties it was observed that smutted late tillers occa- 
sionally were produced by apparently smut-free plants. Varieties of this 
type, hoxvever, were not used for race differentiation. 

These tests proved that the 2 collections of Urocystis tritici used represent 
2 distinct physiologic races. This is clearly indicated by the reaction of the 
varieties listed in Table 1. The race from the Kansas smut is designated as 
race 1, and that from the Washington smut as race 2. 

Certain varieties not listed in table 1 also exhibited differential reactions 
to these races; still others were resistant to both races. It is notable that 
differentiation of the two races is exhibited by resistance to race 1 and sus- 

^ Humphrey, H. B., and A. G. Johnson. Take-all and flag smut; Two diseases new 
to the ITnited States. XJ. S. Dept. Agr. Farmers^ Bull. 1063, 8 pp., 1919. 

5 Heald, F. D., and C. S. Holton. Flag smut of wheat found in Washington. Plant 
Dis. Eptr. 24: 382. 1940. 

6 Holton, 0. S. Flag smut of wheat in Washington. Plant Dis. Eptr. 25 : 335-336. 
1941. 
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TABLE 1. — Percentage of smutted plants in 6 varieties of wheat inocidated with 
2 races of TJrocystis tritici at PiiUman, Wash., Arlington Farm, Va., and Beltsvillef Md., 
1941 and 1942 


Variety 

C.I. No. 

Place j date 
tested 

Plants f rom seed inoculated with 

Pace 1 

Pace 2 

Total 

Smutted 

Total 

Smutted 




Nimher 

Per cent 

Ntiniher 

Per cent 

Federation 

4734 

Pullman, 1941 

10 

100 

24 

63 



^41-^42 

19 

100 1 

21 

90 



' ' 1942 

17 

76 

17 

65 



Arlington, 1941 

37 

60 

40 

73 



Beltsville, 1942 

50 

46 

48 

69 

Oro X Federation- 1 

11914 

Pullman, ’41- ’42 

17 

82 

21 

86 



1942 

17 

82 

18 

83 



Beltsville, 1942 

47 

60 

45 

44 

Oro X Federation-38 


Pullman, 1941 

35 

0 

34 

79 



c i J 4 I- ’42 

22 

0 

21 

86 



1942 

22 

0 

13 

69 



Beltsville, 1942 

40 

0 

51 

59 

Oro X Federation-40 


Pullman, 1941 

17 

0 

31 

1 78 



’41~’42 

23 

0 

22 

I 73 



'' 1942 

22 

0 

21 

29 



Beltsville, 1942 

50 

0 

45 

42 

Oro X Federation-26 


Pullman, 1941 

16 

25 

34 

21 



'' -’41- ’42 

17 

65 

19 

100 



1942 

24 

29 

18 

83 

Baart 

1697 

Pullman, 1941 

13 

15 

30 

80 



(( ’41— ’42 

20 

10 

21 

62 



' ' 1942 

19 

16 

17 

59 



Arlington, 1941 

51 

16 

47 

9 



Beltsville, 1942 

48 

4 

44 

i 36 


ceptibility to race 2, whereas the reverse reaction has not been observed on 
any varieties tested. 

It may be added, also, that while the reaction of Oro to the 2 races 
has not been tested under parallel conditions, it has been found susceptible 
to the Washington smut under greenhouse conditions and highly resistant 
to or immune from the Kansas smut, both in the greenhouse and in the field. 
Thus, apparently, the selections Oro x Pederation-1 and Oro x Ii^ederation-26 
are segregates that have the Federation type of susceptibility to both races, 
while Oro x Federation-38 and Oro x Federation-40 have the Oro type of 
reaction, i.e., resistance to race 1 and susceptibility to race 2. — C. S. Holton 
and A. G. Johnson, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, U. S. Department of Agriculture. 


Cultural Differences Among Single BasicUospore Isolates of Bhizoctonia 
solani — While many strains of BMzoctonia solani Kiihn differing in cul- 
tural characters and pathogenicity have been reported, little evidence exists 
as to their origin. Miiller^ has reported that some single basidiospore iso- 
lates from a basidial mat differed in cultural characters and pathogenicity. 

1 Miiller, K. O. TJiitersucliungen zur Entwickelungsgeseliiclite uiid Biologie von Hy- 
poohnus solani P.u.I). (Blmoctonia solani K.). Arb. Biol. Eeiehsaiist. Land-u. Forstw. 
13: 197-262. 1924. 
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TABLE 1.— Cultural strains secured from single hasidiospore isolates of KhAmc- 
tonia solani 


Basidial 

mat 

Host 

No. 

cultures 

isolated 

No. cultures 
compared in 
plates 

No. 

cultural 

types 

A 

Lima bean 

7 

6 

6 

B 

a c i 

24 

21 

21 

C 

( £ ( £ 

52 

22 

22 

D 

£ £ £ £ 

83 

24 

24 

E 

Alligator weed 

! 60 i 

13 

13 

E 

( £ ££ 

30 

19 

19 

Cr 

Irish potato 

57 

12 

12 

H 

££ ££ 

4 

4 

4 

I 

£ £ £ £ 

3 

3 

3 

J 

£ £ £ £ 

75 

29 

29 

Total 


395 ! 

1 

153 

153 


Eyker and Exner- stated that some variation occurred in cultures from 
basidiospores found in nature. 

An excellent opportunity developed in the summer of 1942 to make a 
more careful study of single hasidiospore cultures. Basidial mats were very 
abundant on Lima bean, Irish potato, and alligator weed {Alternanihera 
phylloxeroides) ; and 395 single hasidiospore isolates were obtained from 10 
mats. Cultures from the same mat differed so strikingly it was felt the 
results were of sufficient value to report. 

The cultures were first compared in tubes of potato-dextrose agar. The 
various types found among the isolates from each mat were then compared 
one or more times in triplicate Petri plates of potato-dextrose agar at 28° C. 
The rate of growth was determined from the 24th to the 48th hour. 

In table 1 there have been brought together the data concerning the 
number of isolates secured from each mat, and the number of culturally 
distinct types obtained from each mat. It is noted that as many as 29 dis- 
tinct cultural types were obtained from a basidial mat. These differed in 
the size, shape, number, and arrangement of the sclerotia, color of the my- 
celium, topography of the cultures, and rate of growth. Figure 1, A, shows 


TABLE 2. — Growth in millimeters, from the Mth to the 48th hour, of cultures of 
Wiisoetonia solani from mat B on Lima bean (av, of two experiments) 


Culture 

Kate of 
growth 

Culture ! 

Kate of 
growth 

Culture 

Kate of 
growth 

Culture 

Kate of 
growth 

B-1 

31.3 

B- 6 

33.2 

B-11 

32.7 

B-17 

28.2 

B-2. 

35.7 

B~ 7 

32.2 

B-12 

31.5 

B-1 9 

28.8 

B<-3 

33.0 

B- 8 

32.2 

B-14 

28.5 

B-20 

36.2 

B^4 

27.0 

B- 9 

27.7 

B-15 

36.0 

B~21 

26.3 

B-5 

35.7 

B-10 

31.2 

i B~16 

28.8 

B-22 

37.2 





! 


E-23 

31.8 


Difference necessary for significance at 5% pt. = 2.0. 

1% pt. = 3.8. 

2 Uyker, T. C., and Beatrice Exner. A comparative study of four species of Bliizoc- 
tonia. (Abstract) Phytopatli. 32: 8, 1942. 
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6 cultures from the same mat, which diifered in cultural characters, and 
figure 1, B, shows that duplicate plates of the same culture were very simi- 


PiG. 1. A. Six cultural types of JKMsrocfoma 5o/am from mat B. B, Buplicate plates 
of 3 cultures of Ehisoctonia solani from mat B. 


lar. Table 2, which gives the results of two experiments on the rate of 
.growth of cultures secured from mat B, shows that the cultures differed 
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sigiiificaiitly in this respect. Although the data are not given, dhferences 
were found in growth rate among the isolates from the other 9 mats. 

These results indicate that some type of segregation occurred in the 
formation of basidiospores and that different strains of BJmoctonia solani 
arose as a result. ■Whether these cultures differ also in pathogenicity is 
being studied. — ^Beatrice Exner and S. J. P. Chilton^ Department of Plant 
Pathology, Louisiana Agricultural Experiment Station, Baton Eoiige, La. 




INCREASE OF PATHOGENICITY IN TOMATO-WILT FUSARIUM 

FrederickL. Well MAN 
(Accepted for publication June 26, 1942) 

The tomato-growing industry has long experienced serious losses from 
the wilt caused by Fusafiiim iulhigemim Tar. lycopersici (Brush!) Wr. and 
R. Many ivorkers are engaged in the development of wilt-resistant tomato 
varieties and it has become necessary to know more about changes in 
pathogenicity that may occur in the causal fungus. 

The general practical and theoretical considerations of variability in 
pathogenic fungi have been discussed by many workers and summarized by 
Stakman (11), Brieriey (2), and Das Gupta (4). The more immediate 
questions and implications of the effect of this variability on the tomato-wilt- 
resistance breeding program have been indicated by Boswell (1) and Hay- 
maker (5). The studies reported here were designed to add to the essential 
understanding of the possible variations in virulence that must be con- 
sidered in connection with testing wilt-resistant tomato stocks. 

These studies are concerned with variability in the pathogenicity of the 
isolates employed in connection with disease resistance. Past experience 
has shown (15, 16) that under the usual laboratory handling, the virulent 
types of the organism commonly exhibit an unquestionable tendency to 
change, through saltant action, to mild types. However, it is well knowui that 
a relatively high virulence of the pathogen appears to be maintained over a 
long period of time ih “wilt-sick’’ fields. This sustained virulence in nature 
had seemed to be somewhat in disagreement with the laboratory findings of 
a general tendency of variation towards milder pathogenicity, although 
there has been some suggestion (16) that the variation is not alw^ays “down- 
ward.” This later investigation has added substantial evidence in support 
of variation towards higher virulence. 

MATERIALS AND METHODS 

The purpose of this work was to determine, first, whether an increase of 
virulence of the wdlt fungus occurred through variation in culture ; second, 
the relative hardiness of mild and virulent types to conditions that may 
select out the latter, and third, comparative competitive capacities of viru- 
lent and mild types of the pathogen in culture and in the host. 

The media employed were Tochinai’s liquid medium (15) and standard 
potato-dextrose agar (15), and Wellman’s differential medium (14). All 
Pusarium isolates were from the collection used in earlier studies (15, 16). 
The reselected and “pure-lined,” mild type A15-8 and the virulent R5-6, 
used for comparative and reference purposes, have been studied and described 
elsewhere (14). The tomato varieties Bonny Best and Marglobe were the 
same as those employed in earlier work (12, 15, 16). All cultures were incu- 
bated at 28° C. Those aged were held at uncontrolled laboratory tempera- 
tures without attempting to reduce desiccation. 
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In spore-germination and singie-spore-isolation studies, the suspensions 
were spread over hardened agar surfaces. Dilutions were such that around 
5 to 20 spores occurred in a microscopic field under low power magnification. 
Around 30 microscopic fields were examined in marked areas in each Petri 
dish. Germination of conidia was studied after 18 to 32 hours of incubation 
and that of chlamydospores after 64 to 68 hours. Where spores appeared 
dead they were incubated 5 days before being discarded. Only well-isolated 
germinating spores were used for transfer, and these were picked from 
agar surfaces after growth was macroscopically visible. 

Estimates were made of the number of spores included in a germination 
series as follows: 20 loopfuls of spore suspension from a loop 1 mm. in- 
diameter, were placed on isolated spots on 2 per cent agar. Spores in the 
drops were then counted under the microscope and an average per loopful 
was thus obtained. An estimate of the number of spores was made from the 
number of loopfuls of suspension spread on agar surfaces to be incubated. 

Five growth classes of the genus Fusarium have been defined elsewhere 
(14, 15, 16), but, for convenience, these are herewith briefly described as 
they appeared on Wellman ^s diiferential medium. Eelative pathogenicities 
characteristic of the classes (Table 1) also are indicated. 


TABLE 1 . — Fathogenicity mines of the tomato wilt Fusarium tased on disease 
effects on tomato seedlings at the 8-leaf stage, after inoculation and growth under 
standard conditions 


Pathoge- 

nicity 

value® 

Descriptive 

Occurrence of darkened vascular bundles 

Collapse 

designation 

In hypoeotyl 

In epicotyl 

of stem 

0 

Healthy 

None 

None 

None 

1 

Mild 

In part of tap root 

( ( 

£ £ 

2 

C i 

In all of root 

£ £ 

£ £ 

3 

( { 

Up to cotyledons 

£ £ 

£ £ 

4 

Medium 


Above cotyledons 

£ £ 

5 

c c 


Above juvenile leaves 

£ £ 

6 

Severe 


Above leaf 3 

£ C 

7 

( c 


Above leaf 4 

£ £ 

8 

Very severe 


Above leaf 5 

£ £ 

9 ! 

‘ i c 


Above leaf 7 

£ £ 

10 

Dying 


In apical bud 

Tip wilted 

11 

12 

13 

14 

15 

t ( 

i ( 

i ( 

t £ 

Dead 



Tip drooping 
Upper third 
collapsing 
Upper half 
collapsing 
Upper 4/5 th 
collapsing 

All collapsed 


a Compare witli values defined in another report (12). 


(E) Eaised aerial mycelium, fine woolly white; slight reticulations over 
mat; undermat tender (easily cut), of light color; no appressed halo about 
colony. Pathogenicity around 15 to 13 ; most virulent of the “V” types. 

(ES) Eaised aerial mycelium with selerotoid bodies ; hyphae mostly fine 
with some coarse strands, white and fluffy; undermat tender, with dark 
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sectors ; edges of colony often appressed. Pathogenicity 15 to 8 ; very 
irregular bnt considered a type. 

(IE) Intermediate raised; aerial mycelium somewhat coarse; narrow, 
partly appressed halo around colony; undermat light-vinaceoiis^ shades, 
moderately tender. Pathogenicity 9 to 5 ; moderately virulent V’^ type. 

(lA) Intermediate appressed; scant, greyish, aerial mycelium, coarse, 
with wide halo of appressed growdh; tough, lavender to tawny undermat. 
Pathogenicity 5 to 3. Moderately mild type. 

(A) Appressed, little or no aerial mycelium; slimy surface; dark vina- 
ceous-purple to tawmy, wdth tough mat. Pathogenicity 3 to 0. The mildest of 
the types. 

Bonny Best plants were employed in all pathogenicity tests, and disease 
values were obtained by the standard technique already described (12). In 
the present studies, however, values were recorded in all classs from 0 to 15 
as indicated (Table 1). 

In the plant-inoculation tests, cultures w^ere held until, according to 
previous findings (14), mats had attained approximately^ their heaviest 
growth in the flasks of liquid medium. Cultures of V types were grown 9 
days, those of the M types 22 days ; when a culture was composed of the 2 
ty^pes combined and in the same flask, it was held 15 days. Mats were re- 
moved from the liquid, drained a few minutes on filter paper, and the 
quantity of growth determined as the amount of water displaced by" a mat. 
In preparing inoculum, a lO-cc. volume of fungus growth was added to each 
190 cc. of water. When V and M isolates were grown separately and then 
mixed just before use as inoculum, a 5-ee. volume of each mat was included 
to make the final 200 cc. of suspension. In all cases the fungus material was 
thoroughly beaten 3 minutes in a Waring Blender to insure thorough dis- 
tribution of finely divided particles of the pathogen in the suspension. 

INCREASE OP VIRULENCE BY USE OF CULTURE METHODS 

Development of Virulent Saltants in Colonies of Mild Type 
It has been repeatedly observed that the usual saltations in tomato wilt 
Fusarium cultures have been from the E type ‘‘down’^ towards A (15, 16), 
that is from comparatively high virulence (V) towards definite mildness 
(M) in pathogenicity. Many thousand mass cultures from 62 parent’’ 
isolates were used, all of which were originally of monosporic origin (14, 15) . 
All isolates of the raised or intermediate classes produced appressed sectors 
in culture. 

In the present studies each variant that appeared in each one of the more 
than 3000 I A and A cultures examined was ahvays compared with the isolate 
from w^hich it came. The agar plate cultures each had from 1 to 9 distinctly 
visible sectors differing in appearance from the rest of the mycelium in the 
plate. In only 8 cases were the sector variants of a distinctly more raised, 
or virulent (V) type than the definitely appressed, or mild (M) culture from 

1 All color designations used in this paper are according to standards given in Eidg- 
way (9). 
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■wMch they came. Tests were made of these eight variants, run in parallel 
with the cultures of their origin and with known typical V and M types of 
the organism. It appeared (Table 2) that the differences in culture class 


TABLE 2. — Comparative virulence of 8 sector variants of the tomato wilt Fusarium 
found in two out of a total of atoud 3000 colonies^ of mildly pathogenic type 


Culture class 

Isolate tested 

Pathogenicity^ value, 
mean and S.E. 


(Parent culture) 

1.70 ±0.02 

lA 

Sector a 

2.55 + 0.02 

lA 

Sector b 

3.15 + 0.23 

lA 

Sector c 

3.50 + 0.47 

IB 

Sector d 

5.40 + 1.80 

IB 

Sector e 

5.40 + 0.55 

IB 

Sector f 

6.45 ± 0.32 

lA 

(Parent culture) 

3.73 ± 0.28 

IB 

Sector g 

5.50 + 0.58 

B 

Sector h 

14.85 + 0.01 

A 

Alo-S** 

1.00 + 0.00 

B 


14.00 + 0.34 


^ Eaeli of these colonies except the two mentioned had fi'oni 1 to 9 distinct sectors of 
dark and appressed types differing in appearance from the rest of the Mycelium. 

^ Besnlt of evaluations (cf. table 1) on 20 Bonny Best tomato plants. 

epor description of culture-class designations see ^'Materials and Methods above. 

^ Standard type (14) included for reference jDurposes. 

of the variants that were more highly raised than their parents’^ were 
definitely higher in pathogenicity. 

The difference both in appearance and virulence between the light-colored 
IE sector f and the dark colored, slimy A colony whence it came was signifi- 
cant. The numerical pathogenicity from a test of the dark colored, slimy A 
parent^’ colony was 1.70, but the fluffy IR sector f had a pathogenicity of 
6.45. Another especially significant ease was that of sector li, which was 
fully raised with a white woolly growth, but from a dai'k slate-purple mat of 
lA class with coarse, scanty mycelium over its surface. This h sector was 
highly virulent, with a pathogenicity value of 14.85, whereas its ^‘parent’’ 
was mild in virulence with a value of 3.73. 

Isolates from Survivals of Thermal-Death-Point Tests 

Thermal-death-point tests^ were first instituted to see if there were dif- 
ferences in this respect between the mild (A15~8) and virulent (E5-6) iso- 
lates. Pour tests (Table 3) were made and monoconidial isolates from 
survivors of the treatments were secured for observations as to possible 
growth variation in culture. The death point for conidia of the virulent 
culture was approximately 60'^ C., and that of the mild culture, a little 
above 50^ C. Chlamydospores from either culture survived ten minutes’ 
exposure to 60^ C. This was probably close to the highest temperature they 

2 Made according to approved tecbniqne. Spore dilutions were from montb-old 
potato-dextrose-agar cultures. Dilutions were in thin-walled test tubes, treated for 10- 
minute periods in a constant-temperature bath equipped with a stairdardized thermometer. 



1943] Wellman: Pathogenicity op Pusarium 179 


TABLE 3. — Comhined results of 4 thermal-death-point studies of conidial suspen- 
sions of virulent (B5~6) and mild {A15-8) isolates of tomato wilt Fusarium from which 
monoeonidial isolations of survivors were secured to study for increased virulence 


Temperature 

treatment^ 

Germination of 
conidia^ 

Number of mono- 
conidial isolates 
madec 

Chlamydospore 

germination 

Virulent 

Mild 

Virulent 

Mild 

Virulent 

Mild 

GontroN 

2822 

2026 

32 

232 

798 

342 

45° 

2841 

1216 

Oe 

Oe 



50° 

2245 

504 

Oe 

281 



55° 

232 

0 

206 


187 

199 

60° 

4 

0 

4 


102 

13 

65° 

0 

0 



0 

0 

70° 

0 

0 

i 


0 

0 

75° 

0 

0 



0 

0 


a Treated for 10 minutes, all temperatures °C. 

b Average number of survivors out of api^roximately 3000 conidia per test. 

c On culturing no significant variations were observed in ax^pearance from that cliar- 
acteristic of the culture of the isolate of their origin. 

d At room temperature, about 24° 0. 

® No isolates made, since this treatment caused comparatively little destruction of 
conidia. 

could withstand, since, when thus treated, their germination tvas greatly re- 
duced. The largest percentage of chlamydospore survival after heating at 
60° C. was recorded for the most virulent culture. None of the rather 
limited number of monoeonidial isolates from survivors of these tests showed 
any significant deviation in culture appearance. It is, therefore, probable 
that there was no significant deviation in virulence among these. 

Isolates in Aged Cultures 

Isolates that varied considerably in appearance and relative virulence 
were studied for differences in ability to withstand aging. Test-tube cul- 
tures on standard XDotato-dextrose-agar slants were stored in the laboratory 
for 1 to 40 months. From conidial suspensions the number of spores were 
plated out to determine and estimate their viability according to a method 
described under “Materials and Methods.’’ Germination counts -were ob- 
tained after incubating the spores at 18-, 24-, and 32-hour intervals. Mono- 
sporic isolates were made from all tests where germination occurred, and, 
whenever only a few spores appeared alive from large numbers plated out, 
every germinating spore was isolated that could be assuredly judged a single 
individual. These were grown on differential agar and in liquid medium. 
They were then compared with parent cultures for growth class (Table 4). 
The variants most obviously different in appearance were tested for relative 
pathogenicities, in comparison with the parents and other known cultures 
(Table 5). 

It appeared (Table 4) that spores of both mild and virulent types were 
killed when aged 3 or 3-| years. Laboratory storage for 2^ to 2| years re- 
duced the viability of both virulent and mild types, but -was far more 
destructive of the mild type. Even years of storage considerably in- 
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liibited the mild types, while 2 years of storage reduced germiiiability of the 
virulent types, but by a comparatively small amount. A single month of 
standing in the laboratory seemed to have no appreciable detrimental effect 
on spore germinability of either virulent or mild types. 

Without including the data from any raised culture or results from the 
l-month and 3- and 3i-year-old cultures, about 2400 spores were plated out 
from the surfaces of long-aged cultures of isolates ''low’’ in culture class 
and mild in pathogenicity (Table 4). Of these spores only 489 germinated, 

TABLE 4. — Comparative germination of conidia from mild and virnlent isolates of 
the tomato wilt Fusarium aged 1 to 40 months, together with ctilture types obtained from 
growth of samples of surviving spores 


Isolate 
type and 
No.a 

Months 

agedt> 

Oonidia 

Distribution of monosporic isolates of dif- 
ferent classes'^ 

Incubated*^ 

Germinated 

E 

ES 

IE 

lA 

A 

V, 5Ed 

1 

2500 

2396 

180 

0 

0 

0 

0 

M, 15A 

1 

2800 

2469 

0 

0 

0 

0 

380 

M, lOIA 

18 

1000 

no 

36 

11 

11 

18 

4 

M, 3IA 

18 

1000 

61 

6 

1 

1 

51 

2 

M, lA 

18 

1000 

75 

0 

0 

0 

15 

43 

M, 15A 

18 

1000 

103 

0 

0 

0 

1 

59 

V, 5E 

24 

1800 

1593 

67 

0 

0 

0 

0 

' M, 15A 

24 

2000 

80 

0 

0 

0 

0 

70 

V, oE 

28 

2100 

1768 

80 

0 

0 

0 

0 

M, 15A 

28 

2200 

19 

0 

0 

3 

10 

6 

V, 5E 

30 

3900 

188 

188 

0 

0 

0 

0 

M, lOIA 

30 

3700 

3 

2 

0 1 

1 

0 

0 

M, 3IA 

30 

2600 

0 

0 

0 

0 

0 

0 

M, lA 

30 

7100 

38 

0 

0 

1 

10 

27 

M, 15A 

30 

4700 

0 

0 

0 

0 

0 

0 

V, 5E 

. 36 

1500 

0 

0 

0 

0 

0 

0 

M, 15A 

36 

1500 

0 

0 

0 

0 

0 

0 

V, 5E 

40 

4200 

0 

0 

0 

0 

0 

0 

M, 15A 

40 

4000 

0 

0 

0 

0 

0 

0 


a V = virulent, M = mild. The isolates were the same as those used in previous studies 
under the same designations (14, 15 and 16). 

^ Aged at room temperature without guarding against desiccation. 

c Numbers estimated. 

^ For definition of classes as indicated by letters, see above in this paper under ‘ ^Mate- 
rials and Methods, 

377 of which were transferred as unquestioned monosporic isolates and 
studied in comparison with the growth of hyphae from week-old parent and 
type cultures of the 5 growth classes. Of these monosporic isolates, 91 
appeared "higher’^ in culture class than the original culture from -whieh 
they came. 

Tables 4 and 5 show that isolates of low, intermediate, and high types 
came from single spores from cultures that appeared fully appressed 
throughout years of growth on artificial media. In turn intermediate cul- 
tures were studied and from them isolates were obtained that appeared 
completely free from any appressed or intermediate characters. Growth 
types also occurred among single spore isolates from intermediate cultures in 
which the isolates were of the two very highest classes. 

Pathogenicity tests were made with some of the isolates that differed most 
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sigiiiflcantly from the type of their parent cultures. All these tests (Table 
5), which were made simultaneously under identical conditions, substantiate 
the observation (Table 4) on culture class variation in moiiosporic isolates 
originating from appressed cultures. The parent isolates in these studies 
were quite similar to the mild type A15-8, which is low in pathogenicity and 
appressed in growth character. It is apparent that from such a seemingly 


TABLE 5. — Comparative pathogenicities of cultures of the tomato wilt Fusarium 
from representative^ monosporic isolates of spores that survived after aging (Compare 
with table 4) 


Parental culture^ 

Age of cul- 
ture in 
months 

Monosporic isolate 

Pathogenieitye 
mean and S.E. 

No. 

and 

class 

Patbo- 

genie 

type 

Growth class 

Pathogenic 

type 

5R 

V 

30 

E 

V 

14.00 + O.OOd 



30 

E 

V 

14.60 ± 0.30d 

15A 

M 

28 

A 

M 

1.00 + 0.00 



28 

lA 

M 

2.13 + 0.01 



28 

IE 

Mto V 

3.60 ±0.02 

lOIA 

M 

30 

IE 

T 

4.93 + 0.31 



18 

IE 

V 

6.67 + 0.53 



30 

E 

V 

8.73 + 0.02 



30 

E 

Y 

9.20 + 0.37 



18 

E 

Y 

11.60 + 0.74 



18 

E 

Y 

14.45 ± 0.45d 

3IA 

M 

18 

E 

Y 

8.87 + 0.54 



18 

E 

V 

11.20 + 1.20 



18 

E 

V 

12.00 + 0.68 

5E 

V 

Not agede 

E 

Y 

14.00 + 0.34 

15A 

M 

doe 

A 

M 

1.33 + O.Old 

lOIA 

M 

doe 

lA 

M 

2.93 + 0.28 

3IA 

M 

doe 

lA 

M 

3,73 + 0.28 

E5-6 

V 

doe 

E 

Y 

14.85 + O.Old 

A15-8 

M 

doe 

A 

M 

1.20 + 0.02 


a A total of 82 isolates were tested for pathogenicities in a number of series. Those 
included in this table were all from one series of tests, and were selected to illustrate varia- 
tion in virulence of monosporic isolates from cultures originally of mild type. Isolates 
from 5E included for comparative purposes, 
b See foot note ^ ^ a ^ ^ in table 4. 

c Pathogenicities all determined at the same time, tested on 15 Bonny Best plants 
except those marked ^ ^ d. ^ ’ 

‘^Bata from test on 20 plants, 
e Included for reference purposes. 

weak and >so-called ‘^degenerate’’ type, variation proceeded “upwards” 
through all the intermediate steps to the highest type of culture class and 
pathogenicity; this last being comparable to the fully raised and highly 
pathogenic pure-line selection R5-6. 

It is believed that these findings are of special significance. The whole 
gamut of pathogenicity was represented in these monosporic isolates from 
old cultures that had been originally of very mild form. Culturally, they 
ranged from appressed through intermediate forms to fully raised, and, 
pathogenically, from mild through intermediate to high virulence. 
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COMPETITIVE GROWTH OP MILD AND VIRULENT ISOLATES 
In Agar Cultures 

The agar employed was of the differential formula previously devised 
(14) to exaggerate dissimilar growth characters of A15-8, a typical M iso- 
late, and ES-G, a typical V isolate. The pieces for inoculum all came from 
just inside the edges of 3-week-old fungus colonies on agar. The pieces were 
cut in round disks of 3 sizes measuring 5.5 mm. in diameter (large) ; 3.0 mm. 
(medium); and 1.0 mm. (small). These disks were always placed with 
spore-bearing surfaces down on the agar. Combinations of inoculum were 
arranged in 13 different ways and grown at 28^ C. in triplicate, and the test 
on each arrangement series was run 3 times. 

The inoculum arrangements and results from their growth were as 
follows : 

1. Large H' disk alone ; all new growth was M. 

2. Large V disk alone ; all new growth was V. 

3. Large disks, M on top of Y ; all new growth was Y. 

4. Large disks, Y on top of M ; all new growth was M. 

5. Large disks, edge of M placed 25 mm. from Y ; colonies met about 

11 mm. from edge of Y. 

6. Large disks, M and Y placed edge to edge ; somewhat more of agar 

covered with M. 

7. Large Y disk, with medium M disk on top ; all new growth was Y. 

8. Medium M disk, with large V disk on top ; all new growth was Y. 

9. Large M disk, with medium Y disk on top ; all new growth wms M. 

10. Medium Y disk, with large M disk on top ; all new growth %vas M. 

11. Large M disk with 2 small V disks placed on opposite sides along a 

diameter ; growth mostly M with a comparatively narrow band of 
Y extending in the line of the diameter. 

12. Large Y disk with 2 small M disks placed on opposite sides along a 

diameter ; growth mostly M with comparatively narrow band of Y 
extending perpendicularly to the diameter. 

13. Matched halves of large M and Y disks chopped and macerated 

together for inoculum; growth irregular, predominantly M type, 
scanty aerial hyphae, center with considerable Y growth. 

Growth effects from arrangements 5, 6, 11, 12, 13 are illustrated in 
figure 1. 

These studies showed that the M and Y isolates were close together in 
their relative capacities to grow on agar, but the M type was somewhat more 
aggressive and was able to outgrow the Y. This was most strikingly 
exemplified in arrangements 11 (Fig. 1, D), 12 (Pig. 1, B. C), and 13 (Fig. 
1, A), -while it is shown to a lesser extent in 5 (Pig. 1, E) and 6 (Pig. 1, P) , 

In Liquid Cultures 

I have already reported (14) irregularities with regard to pH relations in 
cultures that were composed of Y and M isolates growing in combination in 
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Fig. 1. Growth on agar of the white woolly virulent (V) and the dark slimy mild 
(M) isolates of F'Z/sarmw hulhigenum var. lycopersici. Inoculum arranged to test eom- 
petitive growth of the two types. A. Matched halves of large, 5.5-mm. disks of V and M 
chopped and macerated together, planted in center. B and C. Large disk of V planted 
with small, 1-mm., disks of M on either side at ends of the transverse diameter. D. Large 
disk of M with small disks of Y on either side at ends of the transverse diameter. F. 
Large disks of Y and M planted 26 mm. apart. F, Large disks of Y and M side by side. 
ISTote general predominance of mild growth in all arrangements, especially in A^ B, 0, 
and D. 
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flasks of liquids. The question of apparent competitive action arose in 
coimeetion with such studies, and it seemed important to determine in more 
detail what might result from growth, in liquid, of virulent combined with 
mild types of the organism. A collection of V and M isolates w^as studied 
for changes in pH of the liquids (using techniques already described (14) ), 
and also for appearance of growth on agar after a 14-day incubation period. 
The results of these studies are to be compared with but are not included in 
the data presented in table 6. Figure 2 shows the appearance of mats from 
cultures in a liquid medium of Y and M types grown separately as pure 
cultures and also in combination. It is evident that the Y character of 
growth was the more dominant. 



Fig. 2. XJnder surface of mats of Fusarvmn bulMgenum var. lycopersici grown in 100 
ec. of TocMnai liquid in flasks. A. Pure growth of the virulent type of the organism. 
B. Pure growth of the mild type of the organism. C. Combined growth on using inoculum 
consisting of equal-size disks of both virulent and mild cultures. In liquid cultures the 
appearance of the combined growth is much nearer to that of the virulent type than to 
that of the mild. 

For 17 pure M isolates all growth on agar was of the typical slimy ap- 
pressed sort, light tawny to darker, with a few indistinct saltant areas, and 
a pH range in liquids of from 4.5 to 6.1 with a mean of 5.2. For 26 pure Y 
isolates growth was of the white, woolly, raised sort, practically free from 
sectors, with a pH range of 7.7 to 8.4 and a mean of 8.1. For the 43 cultures 
obtained when mixed inoculum from the Y and M isolates just described was 
used in combined cultures in flasks, the growth w’^as variable in character but 
predominantly of the raised, white, woolly type with many slimy parts of 
tawny to darker color. In these liquids pH readings ranged from 5.6 to 8.3, 
■with a mean of 7.7. In these studies of combined growth in liquid, the Y 
type of growth appeared predominant. 

In other studies of the same sort (Table 6) certain comparative determi- 
nations of the mat weights were made, and the competitive action of the Y 
and M types of the Fttsarium was studied in relation to pathogenicity. These 
experiments were carried on during twn winters. Each experiment is a 
separate test and the results, therefore, are strictly comparable only within 
experiments. The data are, however, from experiments that were closely 
alike as regards the controllable environmental conditions. 
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TABLE 6 . — Comparative culture character and pathogenicity of virulent (Y) and 
mild (11) isolates of tomato wilt Fusarium when grown in liquid cultures, with pure, com- 
hined, and mixed cultures used as inoculum. 


Experi- 

ment 


Data^ on liquid cultures 

Pathogenicity^ 

Isolates 

Character*^ 

Classc 

Liquid 

Mat 

weight 

Mean and 
S.E. 

C.V. 





pE 

mg. 



1 

V-1 

Pure 

E 

8.4 

814 

13.17 + 0.31 

2.35 


M-1 

c c 

A 

5.8 

382 

0.83 + 0.01 

1.20 


M-2 

C ( 

lA 

5.9 

407 

4.75 + 0.60 

12.63 


V~1 + M-1 

Combined 

E&IR 

8.1 

593 

10.58 + 0.41 

3.88 


.V-1 h M-1 

( i 

IE 

8.0 

512 

12.50 + 0.94 

7.52 


V-1 + M-1 

C ( 

E 

8.3 

600 

13.00 + 1.06 

8.15 


V-1 4- M-2 

C ( 

E 

8.0 

666 

8.42 + 0.40 

4.75 


M-2 h M-1 

i i 

A 

5.6 

412 

1.00 ±0.12 

12.00 

2 

V-2 

Pure 

E 



14.85 + 0.01 

0.07 


M-3 

i i 

A 



2.60 + 0.01 

0.38 


V~2 4- M~3 

Mixed 




6.40 ±0.64 

1.00 

3 

V-3 

Pure 

E 



14.85 + 0.01 

0.07 


M-4 

t i 

lA 



2.30 + 0.02 

0.87 


V-3 4- M-4 

Mixed 




6.30 ±0.57 

9.05 

4 

V-4 

Pure 

IE 

8.0 


8.80 + 0.56 

6.36 


M-5 

Combined 

A 

6.2 


1.85 + 0.01 

0.54 


V-4 4- M-5 

t i 

IE 

7.2 


8.85 + 0.47 

5.31 


V-4 4- M-5 

Mixed 




3.85 ± 0.63 

: 16.36 

5 

V-5 

Pure 

E 

8.0 

777 

13.00 + 0,33 

2.54 


M-6 

( i 

A 

5.8 

472 

1.35 + 0.01 

0.74 


V-5 M-6 

Combined 

E 

7.6 

707 

12.07 + 0.42 

3.31 


V-5 4- M-6 

Mixed 




7.10 ±0.70 

9.86 

6 

V-6 

Pure 

E 

7.9 

784 

14.10 + 0.58 

4.11 


M-7 

t c 

lA 

4.9 

464 

0.30 + 0.01 

3.33 


V-6 + M-7 

Combined 

lE&E 

7.7 

767 

13.40 + 0.66 

4.93 


V-6 4- M-7 

Mixed 




7.30 ±1.63 

22.33 

7 

V-7 

■ Pure 

ES 



11.40 + 0.78 

6.84 


M-8 

i t 

lA 



1.50 + 0.33 

22.00 


V-7 4- M-8 

Mixed 




9.30 ±1.05 

11.29 

8 

V-8 

Pure 

E 



11.42 + 0,74 

6.48 


V-9 

i t 

ES 



11.25 + 0.81 

7.20 


V~8 4-V-9 

Mixed 




11.00 ±0.87 

7.91 

9 

V-10 

Pure 

ES 



14.45 + 0.45 

3.11 


V-11 

i i 

IE 



10.10 + 0.84 

8.32 


M-9 

C i 

lA 



5.60 + 1.53 

27.32 


M~10 

t i 

A 



0.30 + 0.01 

3.33 


V-10 4- V-11 

Mixed 




13.80 + 0.73 

5.29 


M-9 4-M-IO 

1 ( 




2.20 ± 0.51 

23.18 

10 

M-11 

Pure 

lA 



4.75 + 0.63 

12.63 


M-12 

c e 

A 



0.83 + 0.01 

1.20 


M-114-M-12 

Mixed 




1.00 + 0.12 

12.00 


a Observations in triplicate. 

b Using standard techniques (14) and incubated 12 days| pure = pure culture of iso- 
late; combined = culture planted with equal bits of different isolates; mixed = equal por- 
tions of isolates that had grown as pure cultures were then mixed and thus used simu- 
taneously as inoculum. 

c See footnote ^ ^ d/ ^ table 4. 

d Each value represents a test on 20 plants of Bonny Best variety. 

S.E. = standard error; C.V. = eoeffieient of variation. 
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Only a few mat weiglits were obtained, but it appears (Table 6) that 
when isolates were combined and grown in the same flask, they produced a 
weight, pH reaction, cultural appearance, and pathogenicity closer to that 
characteristic of the virulent than of the mild type. Viiuileiit isolates had 
an average pathogenicity of well over 12, and mild isolates averaged around 
2. However, wdien cultures of these isolates were mixed together mechani- 
cally, the resultant inoculum had an average x)athogenie value of about 8. 
In instances when these M and V types were combined in the same flask 
and the resulting mat used as inoculum, the pathogenicity wms below but 
close to the same as that produced by the pure V culture of the combination. 

Pathogenicity tests of V and M isolates (whether pure, combined, or 
mixed cultures) were made in order to study further which type of isolate 
was predominant. Bonny Best tomato plants were inoculated (12) . Super- 
ficial observations were recorded on the comparable state of wilting in plants 
of these tests at the time the plants were pulled and dissected for disease 
evaluation. There seemed to be great differences in uniformity of disease 
severity. Plants infected by the most typical and stable V or M cultures 
showed a uniform level of wilting, whether severe or moderate, in all the 
plants. In tests with plants inoculated with mats that had growm from com- 
bined V and M cultures, the level of wilting also was fairly even. On the 
other hand, the irregularity in wilting was quite noticeable in series in- 
oculated with mechanical mixtures of pure cultures of V and M. 

The comparative irregularity just mentioned is clearly indicated by the 
coefficient of variation as given in data from these studies (Table 6, ex- 
periments 3, 4, 5, and 6) . Certain pure V and M cultures produced data with 
a small coefficient of variation. When the same V and M cultures were x^iit 
together and mechanically mixed, the resultant data gave large coefficients. 
However, if inoculum came from a culture made of isolates that were of com- 
bined growth, the pathogenicity data showed a small coefficient. The coeffi- 
cient of variation of the data from such a combined culture was of about 
the same magnitude as that obtained from data characteristic of the indi- 
vidual members of the combination culture. 

COMPETITIVE GEOWTH OF MILO AND VIRULENT ISOLATES IN TOMATO PLANTS 

In the Susceptible Variety Bonny Best 

In earlier studies (12, 13, 15, 16) reisolations were made from over 2000 
plants that had been inoculated with purified, known types of the Pusarium. 
It was found that in general reisolations the same type of culture as that 
used for inoculum w’^as recovered from infected plants. 

It was thought advisable in the later work to standardize the method of 
making isolations ; hence, only certain portions of the plants were used. 
Bits of tissue about 2 mm. square were excised from the vascular regions. In 
choosing the particular vascular strands to be tested for presence of the 
Pusarium, darkened bundles indicative of infection were selected where they 
occurred. If none were discolored, those were used that were an extension of 
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diseased tissues in tlie plant part below the point where dissections w^ere 
made, or a bundle was used that led to an epinastie leaf, it being known (13) 
that such deflected leaves indicate fusarium infection. 

The mild type of Fusarium, A15, has been used in many of the writer’s 
studies (14, 15, 16). In standard tests on Bonny Best tomato, it has been 
found that most plants, inoculated with A15, show no discolored vascular 
bundles extending above the cotyledonary node. In these studies a total of 
684 plants were thus inoculated and only 16 had darkened vascular tracts 
above the cotyledons. Reisolations were made from each of these 16 plants. 
In none of the cultures thus obtained was there a significant difference from 
A15, either in culture class or pathogenicity. In parallel studies, reisolations 
were made from over 300 plants infected with the virulent type, R5. Plants 
thus inoculated soon became severely diseased. On this account reisolations 
were made from plants in the early and late stages of wilt. In no case did 
the growth character of these reisolations vary from those typical for R5. 

Plants were inoculated with mechanical mixtures of cultures of virulent 
and mild isolates of the wilt pathogen to determine whether there was com- 
petition betw’’een the virulent and mild types when they invaded plants. 
Certain isolates were chosen of widely different pathogenicities (Table 6) 
that were relatively stable in culture, and had markedly different culture 
appearances. Pairs w^ere combined for inoculum that would be as nearly 
unmistakable as possible if reisolated from infected tissues. For example, 
practically colorless appressed M types were mixed with raised V types 
having a deep pink undermat; or dark purplish appressed M types were 
mixed with raised V types having white undermats. 

The predominance of gTowth type as it appeared in mixed reisolation 
cultures from infected tissues was judged by macroscopic examination of 
what grew out from the diseased host parts. The type of the Fusarium 
covering the largest proportion of the surface of the reisolation plate was 
considered predominant. During these studies, 80 reisolation plates were 
observed on w^hich growth type appeared to be about equally M and V, and 
all of these, in the end, ^vere recorded as predominantly M. These methods 
were used regardless of the fact that, as was shown above in this paper and 
has been previously noted (14), the M type tends to grow over agar more 
rapidly than the V type. It should be pointed out that this method of de- 
termining the predominance of growdh type may have resulted in unfair 
advantage in favor of the M type. 

The 5 ^ ^parts’’ of the plant out of w’-hich the tissue bits were taken for 
reisolation were as follo'ws : (1) root, tissues from below the transition region 
and down into the tap root 2 or 3 cm. below the transitio-n region; (2) 
cotyledonary node, tissues from slightly above, below, and at the attachment 
of the cotyledons ; (3) base, the internodes and leaf traces at the nodes where 
the juvenile leaves are attached; (4) middle, the recently mature but tender 
portion comprising the second internode down from the top leaf and apical 
bud; (5) apex, just below the apical bud. 
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Results from these studies show (Table 7) that all reisolates from plants 
inoculated with the pure V cultures were pure V, and all reisolates from 


TABLE 7. — Relative predominance of growth types in Fusarinm rr isolates from 
parts of Bonny Best tomato plants infected ivith mrulent (V) and mild (37) types of the 
fungus that had been groion separately and the?!, mixed for use as inoculum 


Isolates^ used 
for inoculum 

Diseased plants 

Predominance of grow'th types, expressed as M/V, 
in cultures from plant parts^^ ^ 

Number 

dis- 

sected 

Eange of 
disease^ 

Eoot 

Coty- 

ledonary 

node 

Base 

Middle 

^ ApeX' 

V-E5 + M-A15d 

138 

1 to 1 5 

56/82e 

36/97 

45/90 

30/94 

10/82 

V2 -f-Ml 

20 

2 to 15 

7/13 

2/17 

5/13 

6/11 

5/11 

VI 4-M2 

19 

5 to 13 

6/13 

10/9 1 

7/12 1 

7/11 

6/11 

Y1 -)-M3 : 

24 ■ 

8 to 14 

10/14 

11/13 

11/13 

5/19 

5/18 

V3 -f-MS 

16 

Ito 4 

7/9 

5/11 

5/11 

0/8 

2/5 

Y5 +M1 

20 

8 to 15 

5/15 

10/10 

3/17 

9/10 

3/11 

V9 -fM4 

18 

1 to 15 

8/10 

8/10 

10/8 

4/14 

3/15 

VI +M4 

20 

2 to 12 

9/11 

7/13 

4/14 

4/11 

3/4 

V5 +M5 

20 

Ito 15 

2/18 

1/19 

1/16 

0/12 

0/11 

V6 +M5 

20 

4 to 15 

2/18 

3/17 

2/18 

4/13 

1/10 

V7 +M12 

20 

4 to 15 

7/13 

5/15 

5/15 

0/12 

2/12 

V8 +M12 

6 

11 

0/6 

0/6 

0/6 

0/6 

0/6 

V9 -l-MS 

10 

7 to 15 

0/10 

0/10 

0/10 

0/9 

0/7 

V8 -fMlO 

12 

4 to 13 

1/11 

0/12 

1/11 

1/7 

0/5 

V10 + M5 

14 

Ito 13 

0/14 

0/11 

0/12 

1/7 

0/7 

V10 + M4 

20 

1 to 15 

14/6 

16/0 

14/2 

7/2 

2/2 

V~R5d 

101 

8 to 15 

0/101 

0/101 

0/100 

0/78 

0/73 

M-AlSd 

89 

1 to 4 

89/0 

14/0 

6/0 1 

3/0 

0/0 


a Isolates chosen from those listed in table 6 that were widely different in pathogenic 
effect. Average value for V types was about 13.2, for M types about 1.5 (see table 1 for 
disease index values) . 

Detailed description of idlant parts and technique of isolation given in the text, 
c Expressed in range of disease index (ef. table 1) of the plants used for reisolation 
purposes. These plants were pulled at irregular intervals so as to reisolate from those 
that differed considerably with regard to severity of disease. 

Included for reference purposes; V-R5 and M--A15 are the author’s described 
R5-6 and A15~8 respectively (14). 

e Eeisolates were cultured and classified according to predominance of growth-type 
of Fusarium emerging from the bits of vascular system dissected from diseased plant 
parts. Expressed as M/V: numerator = number of plant parts from which the pre- 
dominantly mild (M) type of pathogen developed; denominator = those from which came 
the predominantly virulent (Y) type. 

pure M inoculated plants were recovered as pure M. Eeisolations from those 
seedlings inoculated with a mixture of M and V types of the pathogen were 
made as follows: 397 plants were used for the reisolatioii purposes, from 
which attempts were made to secure isolations from a total of 1985 plant 
parts. Of these parts, 1745 produced cultures of the pathogen, 1264, or 72 
per cent, of which were predominantly V ; from cotyledonary nodes, 70 
per cent were predominantly V ; f rom base parts above the node, 70 per 
cent were predominantly V ; from middle parts, farther up, 76 per cent were 
predominantly V ; and from apex parts, directly below the terminal bud, 
84 per cent were predominantly V. When the isolates from tissues from 
plants infected with mixed V and M cultures were further cultured, it was 
observed that 92 per cent of all such cultures consisted of a mixture of both 
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V and M. Since only 8 per cent of all the cultures from plants inoculated 
with mixed cultures were found to be pure V types, it appears that both 
M and Y were commonly present in those severely diseased seedlings iu even 
the uppermost parts of the plants. It is, therefore, not alone the presence of 
the fungus in host tissues but its action that causes serious damage. 

Eesults with 30 plants of the above studies (Table 7) deserve detailed 
discussion, since they represent the repeated observation that growth of M 
types of the Pusarium extended much farther into the vascular elements of 
plants infected with both M and Y types than when infections resulted from 
M types alone. Inoculated plants were grown in parallel series under con- 
trolled conditions, and tissues were dissected out for reisolation of the 
pathogen after 9 days. 

The first 10 plants had been inoculated with the M type, A15-8, and all 
appeared healthy before pulling. The roots of all these plants contained the 
M type of the Pusarium; and in two plants this type was reisolated from 
tissues slightly below the cotyledonary node. The second 10 plants were 
inoculated with the Y type, K5-6, and were dying. All reisolations from 
any part of all these plants were the Y type. The third group of 10 plants 
were inoculated with a mixture of these M and Y types of the organism. All 
the plants were diseased, two being mildly wilted. In one of these the M 
type predominated half way up the stem; in the other the Y type pre- 
dominated, although the M type was recovering along with the Y type up to 
the farthest point of invasion. Prom two other plants, more severely dis- 
eased, the reisolations showmd good growth of both Y and M with Y slightly 
predominant; but here, again, the M had grown with the Y and was re- 
covered from infected vaseulars near the apexes of these diseased plants. 
In two more of the severely wilted plants from this group a combination of 
M and Y types of culture were recovered from the basal half of the plants, 
although isolates from the apical tissues of one plant ^vere of pure Y type. 
The last 4 plants of this group were collapsing. In the reisolations from 
them, mixtures of M and Y types of the organism came from all tissues, even 
from the apices. 

In the Eesistant Yariety Marglobe 

Both Bonny Best and Marglobe seedlings were used in these studies 
(Table 8), The isolates for inoculum came from the same lot as those in 
table 7. Certain of these were reseleeted and w^ere designated as a. The Y 
types were chosen among those that were raised, white, and produced nothing 
but non-septate microspores as conidia, while all M cultures were appressed, 
dark, and bore typically multiseptate macrospores. Any reisolate diagnosed 
as pure Y, listed in table 8, was proved for purity by mieroscopie examina- 
tion. Finding of any septate spores was considered sufficient to class the 
reisolate as impure for Y, no matter what was deduced from its macroscopic 
appearance. The methods used wmre the same as those employed before, 
except that inoculated Marglobe plants, and likewise, Bonny Best plants 
inoculated with M, were grown for longer periods so that a wmak infecting 
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organism or infections held in check by resistant plants, had ample oppor- 
tunity to develop to a point at least slightlj^ above the cotyledonary node. 

Examination of the data (Table 8) from plants inoculated with mixed 
M and V isolates showed that in reisolations from hypocotyls of Bonny Best 
plants, the cultures recovered were about equally divided between those 
predominantly V and those predominantly M. In reisolations from hypo- 
eotyls of Marglobe plants, nearly half were impure (for type) cultures of 

TABLE 8. — Comparison of reisolates on agar from Bonny Best and Marglohe to- 
matoes inoculated with a mixture of virulent (V) and mild (M) types of wilt Fusarlum 




Reisolation from plant parts indicated 



Hypoeotylb 

EpieotyL 

Host 

phiiits 

Isolates^ 

Pure cul- 
tures (type 
observed) 
M/Y 

Mixed cul- 
tures (pre- 
dominant 
type) 

M/Y 

Pure cul- 
tures (type 
observed) 
M/V 

Mixed cul- 
tures (pre- 
doininant 
type) 

M/Y 


VB5 -f- MA15 

0/0 

6/4 

2/3 

4/1 


VR5 h Ml-a 

0/0 

8/2 

0/1 

7/2 


VR5 f M3-a 

0/0 

4/6 

1/2 

1/6 

Bonny Best 

V7-a 4-M5-a 
VB5-a h M8-a 

0/2 

0/0 

2/6 

8/2 

1/2 

0/1 

3/4 

0/9 


VlO-a f MlO-a 

0/0 

3/7 

0/0 

4/6 


Vl-a fM2-a 

0/0 

6/4 

0/0 

4/6 


Y7-a fMAlS 

0/0 

2/8 

1/3 

4/2 


VE5 f MA15 

0/1 

3/5 

0/9 

0/1 


VE5 f Ml-a 

1/3 

2/4 

0/10 

0/0 


VE5 f M3-a 

1/4 

4/1 1 

0/9 

1 0/1 

Marglobe 

V7-a fM5-a 

0/5 1 

0/5 

0/10 

1 0/0 

VE5~a f MS-a 

0/0 

3/7 

0/6 

i 0/4 


VlO-a f MlO-a 

0/1 

0/9 

0/10 

0/0 


Vl-a fM2-a 

1/4 

2/3 

0/10 

0/0 


V7-a fMA15 

1/5 

1/3 

0/9 

0/1 

Bonny Best 

VEoe 

0/10 

0/0 

0/10 

0/0 

MA15C 

10/0 

0/0 

10/0 

0/0 

Marglobe 

YE5C 

0/10 

0/0 

0/10 

0/0 

MA15C 

10/0 

0/0 

10/0 

0/0 


The same isolates as those used in table 7, except those marked a, indicate reselection, 
b Hypocotyl = taproot, transition region, and point just below cotyledons. 

Epicotyl = points just above cotyledonary node, and in base, middle, and apex of 

plant. 

c Included for reference purposes. 

predominantly V type, and about 30 per cent were apparently pure V. In 
diseased epicotyl tivssues, from just above cotyledonary nodes and up into the 
apices of the seedlings, the reisolations from Bonny Best plants were about 
15 per cent pure V. Practically all the rest were impure for type, with about 
equal division between those predominantly V and those predominantly M. 
In comparable reisolations from Marglobe plants, over 90 per cent of the 
cultures were pure V type, which indicated common supersedence of the 
M type by the V as it invaded the upper parts of the more resistant host. 

DISCUSSION 

These studies indicate methods whereby Piisarium isolates of highly 
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pathogenic nature may be obtained for use in wilt-resistance or other ex- 
perimental research. 

Where relative differences in disease effects are to be considered, it has 
been found essential that only well-purified isolates of the highest patho- 
genicity be employed. In the past it often has seemed advisable to use 
many widely different types of cultures of a pathogen in testing for disease 
resistance. These cultures usually were grown separately and mixed to- 
gether for inoculum in the belief that a disease resistance reading, that is, 
the relative pathogenic attack by such a mixture, would be closest to the 
effect obtained under natural field conditions. The -writer has concluded, 
however, that such mixing often may complicate results, as vshowii by ex- 
amples given in the present paper. Such end data may be found to be full 
of distracting irregularities. When a number of variants of the organism 
are to be used simultaneously for general host reaction, they should not be 
growui separately and mixed just before the inoculum is applied, but should 
be grown together in combined culture and then used as inoculum. It would 
appear that a considerable advantage might be gained in the tomato wdlt- 
resistance program by use of controlled inoculum from a single carefully 
purified Fusarium isolate. 

Selection of an isolate should be thoroughly considered in comparison 
with other members, since study of "widely divergent types of Fusarium 
hulhigenum var. lycopersici show that their eharaeters may extend beyond 
the description given by Wollenweber and Eeinking (17). This also has 
been observed by other workers (10), and one purpose of the writer’s studies 
has been a better understanding of the wide pathogenie and cultural vari- 
ability of the pathogen. 

Earlier research already has disclosed (14) certain differences in the 
physiology of mild and virulent isolates of the tomato-wilt Fusarium. In 
the present work it has seemed that the virulent type of the organism is in 
several respects the most hardy and the most vigorous. In comparative 
tests of the viability of cultures of the mild and virulent isolates aged for 
about 2 years, most of the conidia died, but more failed to germinate from 
the mild isolate than from the virulent. On agar, the mild organism grew^ 
more rapidly than did the virulent, but where there w^as intimate competitive 
action through mixed growdh of the two forms in licpiid media, the virulent 
soon dominated the mild. In comparisons of thermal death points of conidia 
from mild and virulent isolates, the latter withstood a distinctly higher 
degree of heat. When susceptible Bonny Best tomato plants w^ere inoculated 
with mixtures of mild and virulent types of the organism, both forms grew 
w^ell up into diseased plants, but the virulent became the more abundant. 
When more resistant Margiobe plants were thus inoculated both forms of 
the fungus infected the plants, but the invasive capacity of the virulent type 
wms so much greater that it commonly superseded the mild by the time it had 
reached the upper parts of these plants. All these observations indicate the 
much greater competitive capacity of the virulent as compared wuth the 
mild type of the wilt organism. 
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Variation towards mildness or virulence did not tend in either ^^direc- 
tion’’ permanently. While the real nature of such reversible modification 
remains obscure, it Avould not appear to be a true mutation but rather a 
matter of adaptive variation. The modifications were seemingly enhanced 
by selective action under cultural manipulations, or the environment en- 
countered in the host. Such adaptive variation may occur in nature and at 
times may result in a predominance of the more pathogenic type of organism 
in the field. It appears that adaptation towards increasing virulence might 
follow prolonged culture of resistant tomato varieties in soils infested with 
variant parasites that originally may have been of rather mild type. 

During the past several .years there have been recurrent reports (3, 6, 
7, 8) of localized instances of serious wilt damage in tomatoes. These have 
occurred in spite of the use of the available commercial wilt-resistant or 
tolerant varieties. It is recognized that considerable variations in environ- 
ment as well as accidental mixtures in host strains, may contribute to such 
apparent wilt damages as are cited. However, it is believed the studies here 
reported suggest a further explanation of unexpected losses to growers. 
Small numbers of highly virulent types of the Pusarium may develop 
through variant action. These being most effective competitors, would grow 
more successfully than the mild types in fields planted with highly tolerant 
or resistant hosts. The virulent type of the organism wmuld multiply suc- 
cessfully in these plants, whereas the mild would be more or less held in 
check. On decay of the diseased plants increasingly larger quantities of 
spores of the virulent type of pathogen would be left in the soil. Other 
natural means, such as desiccation and heat, also might tend to further re- 
duce the numbers of the milder types of the organism. The quantity of 
highly virulent forms in the soil might thereby increase and eventually be 
the cause of unexpectedly severe attack on plants otherwise known as 
commonly resistant to wilt. 

Indeed, it would appear that the future permanence of a tomato industry 
reasonably free from wilt losses may depend on the continuing effort of plant 
breeders. They may well have to improve further the resistance of the 
tomato strains beyond -what is now available, testing their crop varieties by 
inoculation with the most virulent types of the organism obtainable. 

SUMMARY 

By far, the greatest proportion of saltations in agar cultures of the 
tomato- wilt Pusarium (P. hulhigemim var. lycopersici) showed a lower 
degree of virulence than the parent cultures. Occasional variation in patho- 
genicity did take place in the reverse direction, although less than one sector 
in a thousand from mild cultures was of a distinctly higher virulent type. 

The thermal death point of conidia from a virulent form of the or- 
ganism was approximately 60° C., whereas that for a mild form was a 
little more than 50° C. With cultures that were 2 to 2| years old, more 
conidia germinated from virulent isolates than from mild. Cultures from 
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surviving conidia from old cnltnres of mild types of the organism were 
mostly of higher pathogenic type than those from conidia that had not been 
allowed to age. 

On agar surfaces the mild type of the organism grew faster than the 
virulent, but, grown as a mixture in liquid media in the same flask, the 
virulent was commonly predominant over the mild. 

Susceptible host plants, under the conditions imposed, were ordinarily 
invaded by the mild form of the organism only up to the cotyledonaiy node. 
However, when plants were simultaneously inoculated with both a mild and 
a virulent form, the mild type proceeded parallel with the virulent invader 
into the upper parts of the plant. In these plants, however, the virulent 
form developed more extensively than the mild. In resistant hosts the mild 
isolates were more confined to the basal portions of the plant, even when 
there was a mixed infection. Also the virulent form was commonly 
precedent over the mild as it extended farther up towards the plant apex. 

Changes in virulence were concluded to be in the nature of adaptive 
variation rather than true mutation. 

Division of Fruit and Vegetable Crops and Diseases, 

Bureau of Plant Industry Station, 

Beltsville, Maryland. 
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OCCUERENCE, IDENTIFICATION, AND SPECIES VALIDITY OP 
THE BARLEY LOOSE SMUTS, USTILAGO NUDA, 

U. NIGRA AND U. MEDIANS 

V. F. Tapkei 
(Accepted for publication June 12, 1942) 

INTRODUCTION 

It lias long* been accepted that loose smut of barley is caused by Vstilago 
nuda Rostr., a floral-infecting fungus, which produces a deep internal infec- 
tion of the seed practically beyond control by any simple treatment. About 
20 years ago it was found (35) that, not infrequently, high infection could 
be produced by inoculating the seed as well as the flowers, and also (21, 22) 
that seed treatment with certain easily-applied surface disinfectants often 
resulted in excellent control. The discovery (29) of the seedling-infecting 
JJ. nigra and (30) that loose smut caused by it could be completely controlled 
by applying surface disinfectants to the seed seemed to explain this dis- 
crepancy. 

The discovery of Ustilago nigra, however, raised certain ciuestions re- 
garding the identity and species validity of Z7. mida, TJ. nigra and a third 
fungus said to be responsible for loose smut of barley, IL medians, as 
described by Biedenkopf (4) . Experiments, therefore, w^ere undertaken to 
determine the number and prevalence of species causing loose smut of barley 
in the United States, and w-hether the different species could be recognized 
by a microscopic examination and simple spore germination tests. 

EARLIER RESEARCH ON CHLAMYDOSPORE GERMINATION OP 
BARLEY LOOSE-SMUT FUNGI 

During the 50 years since Vstilago nuda was described, its spore-germina- 
tion and other characters have been observed extensively in laboratories 
throughout the world (3, 6, 13, 19, 28, 33). All reports fully agree that it 
produces the loose type of smutted head and that its chlamydospores are 
echinulate and, on germinating, normally produce only branching filaments 
(Fig. 1, A). According to Hiittig (16), U. mtda may be induced to form 
sporidia by germinating the spores at freezing temperatures. Thren (34), 
however, found that its promyeelial cells separated under these conditions 
but formed no sporidia. It would seem probable, therefore, that the type 
of spore germination of IL nuda is sufficiently fixed to serve a useful purpose 
in species identification. 

Vstilago nigra, also, is an echinulate-spore fungus. The chlamydospores, 
however, normally germinate by producing a promycelium bearing typically 
•4 lateral sporidia (30) (Figs, 1, B and 2, A). Referring to the ''third 

1 The writer is indebted to M, A. McCall and A. G. Johnson, Division of Cereal Crops 
and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, for helpful 
advice regarding nomenclature and procedure in the present study. The writer is also 
indebted to Edith K. Cash for preparing the Latin description of Ustilago nigra, 

' 194 ■ ■ 
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species of barley smut known as Ustilago nigra ov Vstilago medians/’ 
Allison (2) also reported that it consistently formed sporidia on potato- 
dextrose agar. Eiittle (25) described several intermediate barley smuts, 
similar to U. that produced sporidia. In studies of U. nigra on 

grasses, Fischer (10) germinated the chlamydospores on potato-dextrose 



Fig. 1. The three types of spore germination obtained on potato-dextrose agar at 
20° C., in the study of 500 barley loose-smut eolleetions from different parts of the United 
States. A. The mycelial type of Ustilago nuda. B. The sporidial type of U. nigra. 
C. The mixed myeelial-sporidial type of TJ. medians that proved to be a mixture of U. 
nuda and 27. nigra, x 275. 

agar and obtained sporidia, as with TJ. hordei. This is good agreement and 
indicates that it should not be dilScult to distinguish U. nigra from U. mcda 
through difference in type of spore germination. 

Vstilago medians was described as forming echinulate chlamydospores 
that germinated in a most unique manner. When sown on gelatin, some 
produced the mycelial germination typical of TJ. nuda; but the majority 
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formed a proinycelium and sporidia typical of V. hordei (F%. 1, C). As 
noted by Biedenkopf (4) : ^^Neben solcben Kolonien, die sich als you der 
niir Mycel bildenden Ustilago Hordei anspreeken Hessen, faiiden sich jedoch 
auch ill grosserer Zahl solche, wie sie sich Yon Conidien bildenden Ustila- 
giiieen zu bilden pflegen.’^^ 

Suspecting that he might have in one smutted head a mixture of the 
echinulate-spore, mycelium-producing loose smut {Ustilago nuda) and the 
smooth-spore, sporidia-produeing covered smut {U. hordei) (^‘ob in diesem 
Pall Ustilago Jemenii und Ustilago Hordei nicht etwa zusainmen auf einer 
Ahre sich fanden’’),^ Biedenkopf examined the spores, but found none of 
covered smut in the loose-smut heads, because all of the spores were eehinu- 
late. In the second and final test the spores were sown in diluted plum 
decoction and germinated within 4 hours. Again, both the conidial and 
mycelial types of germination occurred. As noted by Biedenkopf : ‘‘Einige 
trieben einen meist dreizelligen Mycelsehlauch und begannen nun in raseher 
Polge Conidien abzusehniiren, die sofort nach dem Abfallen in hefeartige 
Sprossung libergingeii. Die meisten Sporen dagegen keimten zu Mycelien 
aus.’’ In the first test, therefore, most of the spores formed sporidia but 
in the second test most of the spores formed mycelium. 

Further observation of the cultures showed that the later developments 
of the mycelial and sporidial types of germination were identical with those 
normally characteristic of Ustilago hordei Bref and U. jensenii Eostr.^ 

Biedenkopf ^s excellent descriptions leave no doubt but that his Ustilago 
medians was an echinulate-spore loose smut of barley with a mixed mycelial- 
sporidial type of spore germination, similar to or identical with that pro- 
duced by a mixture of U. nuda and U. hordei. Therefore, if U. nuda, U. 
nigra and U. medians have been correctly described, the morphological 
character that should distinguish the three species is the mycelial germina- 
tion of the spores of U. nuda, the sporidial germination of those of U. nigra 
and the mixture of mycelial and sporidial types produced by the chlamydo- 
spores of U. medians. 

MATERIAL AND METHODS 

The loose smut of barley here reported comprised 500 viable collections 
from the following States : Arkansas, Colorado, Delaware, Georgia, Idaho, 
Illinois, Indiana, Iowa, Kansas, Kentucky, Maryland, Michigan, Minnesota, 
Mississippi, Missouri, Montana, Nebraska, New York, North Carolina, North 
Dakota, Ohio, Oklahoma, Oregon, Pennsylvania, South Carolina, South 
Dakota, Tennessee, Texas, Virginia, Washington, West Virginia, Wisconsin, 
and Wyoming. 

Past research on the floral-infecting loose smut {Ustilago mida) fre- 
quently has been hampered by its short-lived spores. This difficulty was 
met in the present study by storing the U. nuda and other collections at 

2 Biedenkopf applied the binomials Ustilago hordei Bref eld to tlie loose smut (V. 
nuda Hostr.) and 17. jensenii Eostrup to the covered smut (U. hordei Lagerh.). 

3 gee footnote 2. 
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about 1° C. Tbe formulae of Biker and Biker (23) were used in the prepa- 
ration of all media for spore-germination tests, excepting the malt agar, 
which w^as made according to Fischer’s (11) formula No. 5. 

In the study of the occurrence of species of barley loose smut in the 
United States, as indicated by epispore and spore-germination characters 
(p. 197), the former were determined by examination under an oil-immersion 
lens. Spore-germination characters were determined by sowing the spores 
on fresh 2 per cent potato-dextrose agar in 50-mni. Petri dishes. The cul- 
tures were then incubated at 20° C. in a constant-temperature chamber, and 
examined after 6 to 12 hours. The spores were sown according to a pre- 
viously-described method (33) whereby individual spores in aqueous sus- 
pension were uniformly distributed over the agar (Fig. 1). Every spore 
was placed in direct contact with the exposed surface of the substrate where 
it could be accuratel}^ observed for type of germination. It was observed, 
for example, that before this method was developed, if a small clump of dry 
spores of Ustilago kordei or U. nigra were placed on potato-dextrose agar, 
the spores touching the medium produced sporidia,* those piled on other 
spores, however, sometimes germinated by producing only mycelial threads. 
The two different conditions involved were responsible for this, but the 
spores mistakenly presented a mixed germination on one medium. The 
technique of setting up the cultures, therefore, is an important consideration 
in an accurate species determination. 

EXPERIMENTAL RESULTS 

Groups of Barley Loose Smut in the United States 

As noted previously (p. 196), XJstilago nuda^ TJ. nigra, and the so-called 
U, medians have in common the production of the loose type of smutted 
head and of echinulate ehlamydospores. The morphological character distin- 
guishing the three species is the mycelial germination of the ehlamydospores 
of TJ. nuda, the sporidial germination of those of U. nigra, and the mixture 
of mycelial and sporidial types produced by the ehlamydospores of TJ. 
medians. Heretofore, however, it has been difficult to judge the distribution 
and importance of these species in this country because, in some of the 
articles, the binomial TJ. medians clearly was used not in reference to a smut 
with the mixed TJ. mida-TJ. kordei type of germination, as described for that 
species, but to one with the sporidial type of germination. In other reports, 
the implications of this binomial are not given, and it may or may not have 
been used in compliance with Biedenkopf ’s description. As a result of the 
investigation here recorded, the fungi of the 500 loose-smut colleetions 
examined were assignable to 4 well-defined groups on the basis of (1) the 
type of smutted heads, (2) epispore markings, and (3) type of spore-germi- 
nation on 2 per cent potato-dextrose agar at 20° C. The defining characters 
and number of collections found in each group follows : 

Group 1. — ^Loose-smut heads; echinulate spores that produce only mycelial threads 
(Pig. 1, A). 192 collections. This is the type of smutted head, epispore 
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marking, and clilamjdospore germination described for Ustilago nuda 
Rostrup (24). 

Group 2.~~Loose-smiit heads; ecliiiiulate spores that produce only promycelia and 
sporidia (Figs. 1, B, 2 and 4). 209 eolleetions. This is the type of 

smutted head, ej)ispore marking, and chlamydospore germination described 
for Ustilago nigra Tapke (29, 30). 

Groiip 8.— Loose-smut heads; eehinulate spores. An indefinite number of the spores 
produce mycelial threads, while the remainder simultaneously produce 
promycelia and sporidia (Fig. 1, C). 93 collections. This is the type 

of smutted head, epispore markings, and chlamydospore germination 
described for Ustilago medians by Biedenkopf (4).^ 

Group 4. — Heterogeneous forms having a mixture or blending of characters of 
smutted heads, or epispore markings of Ustilago nigra and U. hordei 
Lagerh.^ Spores produce only promycelia and sporidia. 6 collections. 
The existence of this small group must be recognized, but the variability 
in smutted head and epispore characters hardly permits taxonomic treat- 
ment. They probably are hybrid forms. 

Of the 500 eolleetions studied, 192 were pure Ustilago nuda (group 1). 
and 209 were pure U. nigra (group 2). Chlamydospores of each of the 209 
collections of U. nigra were applied to the surface of seed of Odessa (C.I, 
934) barley. This variety proved to be highly susceptible to every collec- 
tion. All of these collections, therefore, have the characters described for 
U. nigra in the original (29) and supplemental (30) descriptions of this 
species, ie., loose-smut heads, eehinulate spores that germinate with sporidia, 
and the ability to produce seedling infection. The 93 collections of group 3 
were studied further and the results are given below. 

The Composition of Collections Complying with the Description of 
Ustilago medians Biedenkopf (Group 3) 

A mixture of the normal mycelial and sporidial germinations occurred 
in each of the 93 collections that appeared to be Ustilago medians. Both 
types developed with great vigor in 6 to 12 hours and complied with the 
mixed jenseniUU. kordeU’ ty^pe of germination described by?^ Biedenkopf 
(4) for U. medians. The proportion of the two types varied wddely in the 
different collections, ranging from a trace of one or the other to approxi- 
mately equal proportions of each. Further examination of these 93 (group 
3 or U. medians) collections, revealed that each w^as simply a mixture of the 
sporidia-producing U. nigra and the mycelium-producing U. 7 ixida, rather 
than an intermediate species. This was proved conclusively in 3 ways : (1) 
Plants of the smut-susceptible Odessa (C.I. 934) barley were grown from 
seed coated with chlamydospores of each of the 93 mixed collections. This 
procedure filtered out the U. nuda element due to its inability to produce 
seedling infection. The U. element of each collection, however, pro- 

duced high percentages of smutted heads whose spores invariably produced 
only the sporidial type of germination; (2) flowers of Lion (C.I. 923) and 
Odessa (C.I. 934) barleyq both of which are susceptible to U. nuda and Z7. 

were hand-inoculated with each of 10 of the collections from group 3. 
On maturing, some of the seed was sown without treatment; another lot was 

^ Ustilago hordei Lagerli, (H. hordei (Pers.) K. and S.) produces the covered type 
of smutted head, has smooth chlamydospores, which produce sporidia on 2 -per cent potato- 
dextrose agar at 20° C. ^ 
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soaked in formaldeliyde solution (1:320) for 1 lioiir before sowing. This 
treatment does not control U, mida, but it does control U, oiigrci (30). The 
plants grown from treated seed produced only U. nuda, the spores of which 
yielded only the mycelial type of germination. Plants from the nontreated 
seed of Lion and Odessa, howeyer, became infected by both U. nuda and U. 
nigra; (3) spores of 10 of the mixed collections of group 3 "were inserted 
in the flowers of Atlas (C.I. 4118) and Trebi (C.I. 936) barleys. In the 
writer’s studies, Atlas has proved immune from Ustilago nigra and highly 
susceptible to U. nuda. Trebi, howmver, has been immune from V. nuda, 
but highly susceptible to U. nigra. The mature seed from inoculated flow^ers 
of both varieties Avas later soAvn in a greenhouse. From the smutted heads 
of Atlas plants only U. nuda Avas recovered, and from Trebi only U. nigra. 
Both TJ. nuda and U. nigra liaA-e been isolated many times from naturally 
mixed collections by the foregoing methods and then used separately year 
after year in studies of physiologic races and in other experiments. Such 
isolates have neA^er shoAAm eAudence of the simultaneous mixed type of spore- 
germination described by Biedenkopf for TJ. medians. 

In the light of the foregoing results, it Avould seem that Biedenkopf ’s 
Ustilago medians may haA^e been similar to the numerous field collec- 
tions of barley loose smut reported herein that proved to be mixtures of 
V. nuda and U. nigra and that germinated in full conformity Avith his de- 
scription of V. medians. It is notcAA’orthy, too, that in germinating random 
samples of mixtures of U. nuda and U. nigra, more of either one may be 
taken in successive samples. The sporidial germination, therefore, may 
predominate in one sample and the mycelial in the next. Biedenkopf re- 
ported results of this kind in his tAvo tests of V. meddans. Apparently, no 
other smut has been reported that persistently develops the normal mycelial 
and sporidial types of germination simultaneously in one culture. No 
further specimens of U. medians as described by Biedenkopf evidently have 
been found anyAAdiere. 

It Avould seem unsafe to assume that the sporidial element of Ustilago 
medians Avas identical AAuth U. nigra; in fact, the sporidial element may 
not have been a loose smut. For example, the waiter has collected an 
echinulate-spore, sporidia-forming, barley smut similar to U. nigra, except 
that during the past 5 years it has consistently produced the covered- 
smut type of head. Spores of this smut AA^ere dusted on the surface of 
Odessa (C.I. 934) barley seed. Earlier, the floAAm's from AA^hich this seed 
developed Avere hand-inoculated with spores of the deep-infecting loose smut, 
U. nuda. Plants from this twice-inoculated seed, groAAm in a greenhouse, 
produced many smutted heads of different kinds. Several of the loose-smut 
heads evidently had some admixture of the echinulate-spore coA^ered smut 
because some spores formed sporidia, AA^hile others formed mycelium on 2 
per cent potato-dextrose agar at 20° C. The loose-smut heads, echinulate 
chlamydospores, and mixed types of spore germination, therefore, Avere like 
U. medians, but the sporidial element in this mixture AAms not the loose-smut 
fungus U. nigra. 
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Another possible explanation of Biedenkopf description might be that 
his smut was a sporidia-producing species that in both of his tests germinated 
abnormally to resemble the mixed myceliahsporidial type. This phase is 
considered in the following pages. 

Variability in Spore-germination 

Commenting on the species validity of TJstilago medians and U. nigray 
Euttle (25) called attention to the fact that Biedenkopf's germination 
studies were performed in the heat of July ^ ‘under which conditions even 
spores of U. hordei may germinate by germ tubes.” It is Avell known that 
so-called sporidia-producing smuts, e.g.^ If. horde% do not, on germinating, 
always produce sporidia; but, in the light of the studies of Hiittig (16), 
Jones (17, 18), Shih (27), and numerous others, it is equally true that they 
do not simultaneously produce both the sporidial and mycelial types of 
germination in optimum development under one set of conditions in culture, 
as described by Biedenkopf for U. medians. However, in view of the rela- 
tively limited knowledge of spore germination in U. nigra, a study of this 
character as influenced by different temperatures and substrata was in- 
cluded in the present investigation. 

In the temperature studies, spores were sown by a method previously 
described (33) on the surface of 2 per cent potato-dextrose agar in 50-mm. 
Petri dishes and incubated in accurately controlled temperature chambers 
at 5, 10, 15, 20, 25, 30, 35, and 40"^ C. Three chlamydospore cultures of 
each of 3 physiologic races of TJstilago nigra were incubated at each tem- 
perature. The spores were nearly 100 per cent viable. For comparison, 
the 3 well-known sporidia-producing small-grain smuts, TJ. avenae, U. levis, 
and U. hordei were similarly studied. The results with U. nigra were as 
follows: At 5, 10, 15, 20, and 25 degrees C. all of the viable spores germi- 
nated with short tubes and sporidia. At 30^ the temperature was obviously 
too high for normal germination, and the spores uniformly developed short, 
thick, segmented threads resembling links of sausage. At 35°, only short 
tubes were formed, and at 40° no germination occurred. The results with 
TI. avenae, TJ. levis, and TJ. hordei were similar to those with TJ. nigra 
throughout the test. Spore germination in TJ. nigra at various tempera- 
tures, therefore, is strikingly like that of TJ. avenae, TJ. levis, and TJ. hordei, 
and unlike that described by Biedenkopf for TJ. medians. 

In the study of variability in type of spore germination, as influenced by 
different substrata, the same collections and species used in the foregoing 
study were again employed. Bach was tested in triplicate cultures at 20° 
C. on the following substrata : 1, On the lower surface of bare glass cover 
slips suspended on glass bars above a moist blotter in a moisture chamber ; 
2, in sterile distilled water; 3, in sterile tap water; 4, on plain gelatin; 5, on 
nutrient gelatin ; 6, on 2 per cent potato-dextrose agar ; 7, on nutrient agar ; 
8, on malt agar ; 9, on prune agar ; 10, on plain distilled- water agar. 

Throughout the test, spore germination was strikingly similar in TJstilago 




Fig. 2. Gemihiation of spores of Ustilago nigra on 2 per cent nutrient-dextrose agar 
at 20° C. A. An early stage showing the echinulate chlamydospore, biseptate promyeeliiim 
and four primary sporidia. X1900. Another promycelium, bearing a young primary 
sporidium at its apex is shown in the upper-right corner. B, G, and D. Later stages of 
germination showing multiplication of sporidia. x 600. 
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menae, JJ. levis, U. hordei, and the 3 collections of U. nigra. The results, 
moreover, agreed fully with those of Bref eld (5),Hallier (12), Fischer (10), 
Kulkarni (20), Sartoris (26), Shih (27), Stakman (28), and others in sim- 
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ilar studies of various sporidial smuts. On potato-dextrose, nutrient-dex- 
trose, and malt agars tlie 4 species formed only sporidia. As shown in figure 
2, the promycelia were compact and sturdy, and sporidia were produced in 
countless numbers. On the other hand, when spores of these smuts were 





Examples of the influence 


90 a,vena,e,'U. hordei, TT. lewis and U. 

ateVJi' F- distiUed-wa 

aienae on plain gelatin. All photos 
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Fig. 4. A. An iiiisfnutted liead of Odessa (C.I. 934) barley. B, C, E. Odessa beads 
smutted with Vsiilago nigra they appeared, respectively, 1 day after emergence, wlieii 
the barley was in the milk stage, and when the barley was ripe. B. A smutted head of 
Himalaya (C.I. 1312) barley showing the greater jiersistenee of awns in smutted heads 
of this strongly awned variety. F. Smutted head of the hooded, hulless, Nepal (C.I. 595) 
barley. The distinguishing head characters of different barley species and varieties are 
largely lost when the heads become smutted, xl. 
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g'eriniiiatecl in tlie absence of nntriment on bare glass cover slips in a mois- 
ture cliamber, only mycelial threads were produced (Pig. 3, A). Prune 
agar was fairly favorable for the production of sporidia. Plain and nu- 
trient gelatins were clearly unfavorable. The spores gave rise mostly to 
abortive, compact masses of cells (Pig- 4, B). Biedenkopf used gelatin and 
diluted plum decoction in the study of spore germination in JJ. medians, 
but did not give the compositions of these media. It is evident, however, 
that on plain gelatin, nutrient gelatin, and prune agar, spore germination 
in Z7. nigra bears no resemblance to the mixed mycelial-sporidial type (Pig. 
1, C) described by Biedenkopf for Z7. medians. Distilled-water agar also 
was unfavorable (Pig. 3, B, C). On this medium, and also in tap wmter 
and distilled water, some spores produced a few sporidia, others a few short 
threads, while still others developed a third type, not mentioned by Bieden- 
kopf, usually consisting of two branches, one bearing a few sporidia, the 
other forming an abortive mycelium-like growth. It was thus possible to 
produce in P. nigra, TJ. hordei, TJ. avenae, and Z7. levis an abnormal or 
atypical sporidial germination that might be taken to resemble a mixture 
of the mycelial and sporidial types accompanied by a third type, as de- 
scribed above. This germination, however, was very slow, and, after an 
abortive development, came to a standstill. Cultures several weeks old still 
showed very scant growth. In morphology and rate and degree of develop- 
ment, therefore, this abnormal sporidial type unmistakably was not the 
luxuriant development of robust mycelial threads and thousands of sporidia, 
budding like yeast, that Biedenkopf described for U. medians, and first sus- 
pected to be ^^Usiilago Hordei und Ustilago Jensemi . . . zusammen’’ (4). 
It should be noted, moreover, that Biedenkopf obtained the mixed mycelial- 
sporidial germination of U. medians in only 4 hours. It is evident from 
studies of other small grain smuts (3, 16, 27) that this is a very rapid rate, 
indicating that optimum or near optimum temperatures existed during ger- 
mination. At such temperatures and on favorable substrata such as Bieden- 
kopf evidently used, neither a mycelial nor a sporidial smut alone would 
develop the mixed mycelial-sporidial type of germination described for U. 
medians (4). But, granted even that TJ. medians had been based on the 
abnormal germination of a sporidial smut, the species name would have to 
be rejected in compliance with Article 65 of the International Rules of 
Botanical Nomenclature (7), which reads A name or epithet must be re- 
jected when it is based on a monstrosity. 

In view of the foregoing results with different temperatures and sub- 
strata, it is evident that, even when variability in spore germination is given 
the widest latitude, the persistent, normal development of two distinctly 
different types of spore germination with which Biedenkopf characterized 
Ustilago medians, does not oeejir in TJ. nigra and other sporidial smuts. 
Ustilago nigra and U. medians, there^iox^, are Hot synonymous species. 

As shown recently by Christensen and Rodenhiser (8), the genetic 
makeup of the ehlamydospore, as well as its environment, may be .conderiied 
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in variability of ehlaiiiydospore germination. In Ustilago zecie and JJ. levis^ 
for example, certain lines eonsistently produce tlie mycelial instead of the 
normal sporidial type of germination. In U. nigra, however, such lines ap- 
parently have not been found or reported, although many speeimens of the 
fungus have been studied in recent years. 

Variability in Ustilago nigra 

Variation occurs in Ustilago nigra in prominence of the chlamydospore 
echiiiulations, intensity of the dark brown color of the spore mass, compact- 
ness and powderiness of the smutted heads, degree to which the fungus 
destroys the awns of smutted heads (Pig. 4) etc. The host variety, physio- 
logic race of the smut, and the conditions under which the plants are grown 
seem largely responsible for these variations (32). Similar or greater vari- 
ability than that yet found in U. nigra has been reported in such well-known 
and long-established species as U. avenae and U. levis (14), U. hordei (32), 
Sphacelotheca sorghi and S. cruenta (36), Tilletia triiici and T, levis (15), 
and others (8). Ruttle (25) erected ‘Hypes’^ of barley smut on small mor- 
phological diiferences like those noted above for U. nigra, but they fail to 
breed true and ax)parently serve no useful taxonomic purj^ose. 

Conclusions and Amj)lified Description of Ustilago nigra 

In the light of the foregoing facts, the following conclusions seem logical : 

1. The so-called Ustilago medians evidently does not occur in the United 
States. Ustilago nuda and U. nigra, however, frequently occur together in 
the barley fields of this country and a mixture of the sj^ores of these two 
species germinates by producing the mixture of mycelial and sporidial types, 
as described for U. medians, indicating that the latter probably was based 
on a mixture. 2. Excepting occasional hybrid types, loose smut of barley 
ill this country is caused only by U. nuda and U, nigra. 3. The incidence 
of s^ieeies in the i^resent study indicates that Ustilago nigra has become as 
widespread as U. nuda in the United States. It is, therefore, now^ possible 
through simple, inexpensive seed treatments, to save half of the estimated 
loss from loose smut averaging 2 million bushels of barley annually (29). 
4. Wheii U. nuda and U. fiigra are uniformly germinated on 2 per cent 
potato-dextrose agar at 20° C., U. nuda develops only the mycelial type of 
germination and U.migra only the sporidial type. These 2 species, therefore, 
alwaj^s may be readily and accurately identified by the striking differences 
in this character (Fig. 1, A and B). 5. The normal germination of U. nigra 

is consistently that of a true sporidial smut ; it positively does not resemble 
Ustilago Hordei and Ustilago Jensenii . . . zusammen, ’ as described for 
U. medians by Biedenkopf (4). 6. Through the use of different tempera- 

tures or different substrata, chlamydospores oi U. nigra, like those of U. 
avenae, U. levis, and U. hordei may^ on germination in culture, produce only 
sporidia, or mycelia only, or a‘ simultaneous development of abortive forms 


I 


5 See footnote 2. 
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of both sporidia and myeelia. The simultaneous, optimum, development of 
both the mycelial and sporidial types in one culture, as described l)y Bieden- 
kopf, for JJ. medians did not occur. 7. In view of these facts it is evident 
that, even when variability in spore germination is given tlie widest latitude, 
identity of U. nigra is distinct from that of the mycelial-spoi-idial F. medi- 
ans. Vstilago nigra, therefore, is entitled to rank as a siiecies. 8. The 
binomial U. medians Biedenkopf must be rejected (A) because it was olni- 
ously based on a mixture of two different fungi, eri-oiieously sujiposi'd to 
form part of one individual; (B) because it cannot be ajiplied witii certainty 
to any known fungus causing loose smut of barley; and (ti) liecause the 
binomial has become a source of confusion or error diu to its use with 
different meanings. It, therefore, falls clearly within the sco]-)!' of articles 
64, 63, and 62 of the International Rules of Botanical Nomeiiclalitre (7), 
which are as follows: Article 64. — “A name of a taxonomic group must be 
rejected if the characters of that group were derived from two or more 
entirely discordant elements, especially if those elements were orrcmeonsly 
supposed to form part of the same individual” {Nomina coiifusa). .ikrtiele 
63. — “A name of a taxonomic group must be rejected wdieu its apjilication 
is uncertain” {Nomen duhium). Article 62 . — “A name of a taxonomic 
group must be rejected if owing to its use with different meanings it becomes 
a permanent source of confusion or error” {Nomina anihigua). 

Amplified Description of Ustilago nigra 

Vstilago nigra was briefly described in 1932 (29), and further described 
in 1935 (30) and in 1941 (33). In order to summarize these descriptions, 
the following amplified description is presented : 

Vstilago nigra Tapke. Sori in spikelets forming dusty, dark-brown 
spore masses 3-5 x 5-10 mm. Sori temporarily protected by a thin mem- 
brane, but soon becoming dissipated, leaving the naked raehis (Pig. 4, B, 
C, E). Spores echinulate, of lighter color on one side, spherical to sub- 
spherical, 5.5-7.5 X 6-8 p, mostly 6.5 x 7 p, forming a 3-cellular prorayeelimn 
bearing typically 4 lateral sporidia when germinated on 2 per cent potato- 
dextrose agar and similar media at about 20° C. (Pig. 2, A, B, C, D). 

On Hordeum vulgar e (31) H. distichon (31), H. intermedium (31), H. 
deficiens (31), E. nodosum (10), IT. pusillum,^ Elymus canadensis (10), and 
Sifanion julatum (10). Collected in the following States : Arkansas, Colo- 
rado, Delaware, Georgia, Idaho, Illinois, Indiana, Iowa, Kansas, Kentucky, 
Maryland, Michigan, Minnesota, Mississippi, Missouri, Montana, Nebraska, 
New York, North Carolina, North Dakota, Ohio, Oklahoma, Oi-egon, Penn- 
sylvania, South Carolina, South Dakota, Tennessee, Texas, Virginia, Wash- 
ington, West Virginia, Wisconsin, and Wyoming. 

Herlarmm Material: Specimens deposited in the Mycologieal Collections 

aetermined by the writer as Ustilago 
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of the Bureau of Plant Inclustrj^, United States Department of Agriculture 
at Washington, D. C. Type No. 71357 on Hordeiim viilgare, 

Soris in spieiilis, massam pulverulentam atro-brunneani 3-5 mm. latem, 
5-10 mm. longam formantibus, primuni membrans tenui teetis, demnm 
nudis; Sporis echinulatis, sphaericis v. subsphaericis 5.5~7.5 p latis, 6-8 p 
longis, plerumque 6.5 p latis, 7 p longis; promycelio 3-septato, sporidia 4, 
lateraliter gerenti. 

Hab. in spiculis Hordei spp., Elymi canadensis, et Sitanii jiihatL 
United States. 


SUMMARY 

In a stud}^ of the different kinds of barley loose smut in this country, 500 
specimens collected from 33 States were uniformly germinated on 2 per cent 
potato-dextrose agar at 20° C. Six of the collections were heterogeneous 
types. Of the remainder, all of which had the loose type of smutted head 
and echinulate spores, 192 produced the mycelial germination of Ustilago 
mida, 209 the sporidial germination of TJ. nigra, and 93 produced on germi- 
nation a mixture of the normal mycelial and sporidial types and otherwise 
conformed to the description of V. medians Biedenkopf . All of the 93, how- 
ever, proved to be simply mixtures of the mycelium-producing TJ, mida and 
the sporidia-producing U. nigra, A smut conforming to the description of 
Ustilago medians apparently does not occur in the United States nor else- 
where. 

When spores of Ustilago mida and U, nigra are uniformly germinated 
on 2 per cent potato-dextrose agar or other suitable media at usual room 
temperatures, the former consistently develops only mycelial threads, and 
the latter always forms only promycelia and sporidia. The spore-germina- 
tion test, therefore, quickly and accurately shows (1) whether the causal 
fungus is U. mida, U. nigra, or a mixture of the two, and (2) the type of 
seed treatment necessary for control. 

In a comparative study, chlamydospores of Ustilago nigra, U. amnae, U, 
levis, and U. hordei were germinated on 10 different substrata at 20° C. and 
on 2 per cent potato-dextrose agar at 5, 10, 15, 20, 25, 30, 35 and 40 degrees 
C. Conclusive evidence was obtained that U. nigra is a true sporidia-pro- 
ducing fungus like U. avenae, U. levis, and U. hordei. 

The incidence of species in the present study indicates that Ustilago nigra 
has become as widespread as U. mida in the United States. It is, therefore, 
possible through simple, inexpensive seed treatments, to prevent half of the 
estimated annual 2-million-bushel loss attributed to barley loose smut. 

It is concluded that, with the exception of occasional hybrid types, such 
as are found also in wheat and oat smuts, loose smut of barley in the United! 
States is caused by Ustilago nuda or U. nigra; that these two species may 
be readily distinguished through a simple spore-germination test and m 
other ways; that 17. nigra is a valid species; and that U, medians, appar- 
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ently, was erroneously based on a mixture of two different smut fungi. The 
binomial, therefore, must be rejected. 

An amplified description of Ustilago nigra is given. 

Division of Cereal Crops and Diseases^, 

Bureau op Plant Industry Station^ 

U. S. Department op Agriculture, 

Beltsville, Maryland. 
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AN OUTBREAK OP PLANTAGO VIRUS IN BURLEY TOBACCO" 

W. D. Valle Air and E. M. Johnson 
(Accepted for publication July BO, 1942) 

During the meeting of the New England Division of the American Phyto- 
pathological Society in 1941, P. 0. Holmes showed to one of the writers 
plants of Plantago major, which he stated were affected by a virus similar 
to the tobacco-mosaic virus because it withstood drying, and when purified 
and photographed, was indistinguishable in appearance from the tobacco- 
mosaic virus. The details of his study have since been published (2). He 
also reminded us of a report, in the 1930 Annual Report of the Kentucky 
Experiment Station, of a virus of Plantago major that we had transferred 
to tobacco. In these early studies a mosaic-affected Plantago major leaf was 
collected from the experiment station lawn and a transfer made to Turkish 
tobacco, where a disease developed, different from that produced by any of 
the strains of the tobacco-mosaic virus then under investigation. On seedling 
potato leaves the plantago virus caused chlorotic spots that soon became 
necrotic (3) . In this respect it was similar to but not identical with tobacco- 
mosaic virus. It caused local chlorotic spots on petunia, with chlorosis and 
distortion in growing-point leaves. No infection followed inoculation of 
cucumber. On June Pink tomato the plantago virus caused a mild mottling 
which might have been easily overlooked. In addition it caused necrosis of 
the underside of the midveins. Dried tobacco material was saved to de- 
termine Whether the virus withstood drying but this material was not tested 
until recently when both tobacco mosaic and plantago virus were isolated 
from it. On Cut-short, Striped creasebaek, and White creaseback beans the 
plantago virus produced no necrotic spots, while tobacco-mosaic virus strains 
caused local necrotic spotting. Primarily because of this fact, it was con- 
cluded that the plantago virus was not a strain of tobacco-mosaic virus, and 
probably was of little importance to the tobacco industry. No further study 
of the virus was made at that time. 

After returning to Lexington from the meeting, the writers examined 
plants of plantago and found many infected with a virus. On inoculated 
Ky. 16 hurley this virus caused local chlorotic spots, followed eventually by 
necrosis of the whole inoculated area ,* it also caused vein-clearing of growing- 
point leaves, soon followed by mottling in which the dark green areas w^ere 
small specks, instead of large, irregular areas, as in tobacco mosaic. There 
was some distortion, and necrotic spots developed in leaves or portions of 
leaves that were young enough to be rapidly invaded, but too old to develop 
mottling at the time of invasion (Fig. 1, B). The virus is similar in this 
respect to burning strains of the tobacco-mosaic virus (5), except that the 
latter rarely cause biuming in the greenhouse. In older plants, growing in 
the ground bench, the patterns were usually larger and distortion less than 

1 The investigation reported in this paper is in connection with a project of the Ken- 
tiieky Agrienltural Experiment Station and is published by permission of the Director. 
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occurs with many strains of tobacco mosaic. On Turkish tobacco, symptoms 
developed similar to those recently described by Holmes (2). The plantago 
virus, as it occurs in Kentucky, is obviously the same as that found in 
eastern United States and described by Holmes. 



Pig. 1. A. Two N'N' burley plants, Kelley (left) and Pepper, infected witli the 
plantago virus from plantago. The plant on the left was inoculated 51 days later than 
the one on the right, and shows the severe necrotic reaction following inoculation. Photo- 
graphed 36 days after the Kelley plant was inoculated. B. A leaf from a plant of Ky. 
16 burley inoculated with the plantago virus, showing necrotic areas in invaded tissue too 
old to develop mottle, and speckled mottling in the younger portion of the leaf. G. Ky. 16 
burley naturally infected with the plantago virus in the field. This shows the chlorotic 
response of the virus in an n'n^ plant. D. Plantago major leaf 19 days after inoculation 
with a variant of tomato aucuba mosaic virus. The patterns are somewhat more promi- 
nent than those produced by the ordinary strains of the tobacco-mosaic virus. Ltuif print 
on direct positive paper. E. Ky. 36-12 N'K' plant from Mr. BelPg field infected with 
the plantago virus, transplanted to the greenhouse in August and photographed November 
6,1941. 
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Late in August, 1941, R. E. Bell, a neighboring farmer, brought us sev- 
eral plants of Ky. 36-12 hurley tobacco affected with a virus disease we did 
not recognize. The plants w-ere markedly stunted; had long, depressed, 
dark-colored streaks on the stalks, and discolored patches in the pith which 
sometimes had concentric patterns. The leaves had yellow blotches, some- 
times only 2 or 3 to the leaf, which later became necrotic (Fig. 1,- B) . Some- 
leaves had necrotic line patterns and, on the undersides of the niidveins, 
necrotie areas. The disease differed from tobacco streak and ring spot be- 
cause there was no indication of so-called recovery in the new growth. The 
farmer said that the disease had been present since shortly after setting 
the crop. A count in the field indicated that about 2 per cent of the plants 
were affected but the farmer claimed this percentage was low because he had 
destroyed many affected plants during the summer. A crop of Ky. 5 hurley, 
plants for which were obtained from a neighbor’s bed and set after Ky. 3 6-12 
in the same field, was entirely free from the disease, suggesting that infection 
of Ky. 36-12 probably originated in the plant-bed. The only disease of 
tobacco, similar to the Bell disease, which we had seen in the past, %vas one 
collected in Marion County, Kentucky, in 1923, and illustrated under the 
name ‘‘streak” in Kentucky Bulletin 328. A re-examination of records and 
photographs of this disease indicates that it corresponds more closely to the 
Bell disease than to the disease now commonly known as tobacco streak.'-^ 

Infected plants from the Bell field w^ere transferred to the greenhouse 
w^’hore they continued to show a streak type of disease month after month 
(Pig. 1, E) . Inoculations were made from these transplanted plants to Bur- 
ley 16 and to Turkish, where a mottle, rather than a necrotic, disease de- 
veloped. A comparison of these mottled plants wuth Turkish and Burley 
16 plants inoculated from plantago, indicated that the diseases w^ere at least 
very similar, and the suggestion occurred that the virus causing the streak- 
like disease in the field was the plantago virus in a variety of tobacco, which 
reacted to the virus in essentially the same wmy as burley tobacco plants con- 
taining the N factor from N, glutinosa react to any of the strains of the 
tobacco mosaic virus. 

It had previously been shown that the varieties of burley and dark 
tobaccos grown in Kentucky, as w^ell as collections from other parts of the 
wmrld, could be divided into two distinct groups, based on their reaction to 
white tobacco mosaic, tomato aucuba mosaic, and to several other collections 
of the tobacco-mosaic virus (6). On one group of varieties, these viruses 
caused necrotic lesions in about 48 hours, and streak, if the virus became 
systemic. The same group inoculated with ordinary strains of the virus 
always developed the usual systemic mottle. The other group when inocu- 
lated with the necrotic strains of the virus develop typical mottle mosaic. 
The gene controlling necrotic spotting is a simple dominant, as is the similar 
gene in Ntcotimta glutinosa. The necrotic spotting gene in the common 
tobacco varieties wull be designated W to distinguish it from the N gene from 
2 In 1942 the Marion county farm was visited and numerous infected plantains were 

fomKl bordering the field in whieb the disease of tobacco was found in 1923. 
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N. glutmosa, whiclx has now been transferred to several varieties of tobaeeo. 
AVlietlier or not the N and N' genes are allelomorphs has not been determined. 
Burley tobacco varieties in which necrotic spotting genotypes occur, and 
which will be designated as N' hurleys, are Kelley, Judy’s Pride, Pepper, 
and Ky. 36™12. Dark varieties that contain the N' factor are One Sucker, 
Improved Smith, Eudolph’s Improved Mammoth, Madole, Brownleaf, and 
Ambalema. The following varieties develop typical mosaic when inoculated 
with the necrotic strains of the virus: Turkish, Ky. 5, Ky. 16, Gay’s Yellow, 
and Chileno Corentino. 



Fig. 2. A. Plantago virus colleeted on Ky. 16 burley (Fig. 1, C), transferred to 
Plantago major where it caused systemic infection, and then to Kelley hurley (above) 
where it produced the necrotic reaction. Print from leaf onto direct positive x^aper. 
B. A leaf of an NN'' burley x>lant (F, Peimer N'N' x Ky. 48-7 NN) inoculated on the 
left side with plantago virus and the right with tobacco mosaic virus. The N' gene ap- 
X)ears to be dominant over the K gene as to the plantago virus. 

To test the hypothesis that Bell’s field disease was caused by the plantago 
virus, and that the plantago virus would prove to be a necrotic spotting virus 
in N' hurleys, the Bell farm was visited again with the following results : 
Prior to 1941 the grower had placed his tobaeeo bed in the plowed field where 
the tobaeeo was to be growui, and had had little if any trouble from this dis- 
ease. In 1941 he decided to place his beds, then and thereafter, in a grass 
plot surrounding his residence, which in places was found to be nearly a con- 
tinuous mat of Plantago sp. Seven collections of plantago, 2 from the plant 
bed and 5 from the grass plot, proved to be infected with a virus. The plant 
bed had been mowed but suckers were growing from the tobacco stubs, sev- 
eral of which had a disease identical with the field disease. Transfers from 
plantago and from necrotic tobaeeo plants in the bed to Turkish tobacco and 
Ky. 16 produced identical symptoms, entirely different from the field disease 
but identical with the disease caused earlier by the plantago virus in these 
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varieties of tobacco. Transfers of the viruses from all sources were then 
made to plants of N' hurley varieties, Pepper and Kelley, and to an N' dark 
variety, Ky. 129. On these varieties necrotic spots, of the type shown in Pig. 
2, A, developed in about 48 hours on all inoculated leaves. The virus was 
localized in the inoculated leaves in 76.6 per cent of the 160 plants inoculated 
but in 24.4 per cent the virus became systemic, producing a disease entirely 
similar to the necrotic field disease (Pig, 1, A). It seemed evident from 
these results that the plantago virus, which produces a mottle disease in 
Turkish and Ky. 16, caused the streak-like disease of Ky. 36-12 in the Bell 
field. 

On July 14, 1941, a virus-diseased plant, which looked as though it were 
affected by a strain of cucumber mosaic, was found in a field of Ky. 16 
tobacco. A photograph was made (Pig. 1, C) and the virus transferred to 
a tobacco plant in the greenhouse. This virus gave all the reactions of the 
plantago virus, including systemic infection in Plantago major; no necrotic 
lesions in Scotia beans ; the mottle reaction in Ky. 16, and the necrotic reac- 
tion in N' hurleys (Pig. 2, A). It may, therefore, be concluded that plantago 
virus in the field, as well as in the greenhouse, causes 2 distinct diseases — 
streak in W varieties and mottle in n' varieties.^ 

DISTRIBUTION OP PLANTAGO VIRUS IN N' TOBACCO PLANTS 

When the plantago virus is inoculated to W hurley or N' dark tobacco 
plants, it may be localized in inoculated leaves or it may become systemic. 
When it becomes systemic, virus particles are carried to various parts of the 
growing points, where at least a few multiply, producing necrotic spots if 
the tissues are relatively old, or chlorotic spots that slowly enlarge and with 
age gradually become necrotic. In studies on the virus distribution in 
mosaic-resistant plants, it was demonstrated, through the use of bleaching 
strains of the virus, that virus distribution within the leaf could be deter- 
mined fairly accurately by the patterns in the leaf. Patternless or green 
areas were virus-free, but chlorotic areas contained virus (4). Similar tests 
were made to determine virus distribution in diseased plants of Ky. 36-12, 
transplanted from the Bell farm to the greenhouse, and in plants of Pepper 
hurley, both of which contain the W factor, in comparison with virus con- 
centration in Ky. 16, which regularly becomes mottled. For this purpose 
0.6-em. disks were cut from isolated chlorotic areas and from green areas of 

plants and from mottled areas of Ky. 16, crushed in 2 drops of M/10 di- 
sodium phosphate and rubbed with a glass spatula over as much leaf surface 
of an N hurley plant as it would cover. Counts were made of the total spots 
on this area. The results are given in table 1. A high concentration of virus 
was found in the chlorotic and necrotic spots on, the leaves of W plants, but 
green areas on the same leaves appeared to be virus-free, except in one in- 

3 In 1942 Mr. Bell used the same plant bed but substituted Ky. 16 for Ky. 36-12 
N'N'. When the bed was examined June 9, a few plants were affected by a mottle mosaic 
that proved to be caused by the plantago virus, and, later, many mottled plants affected 
with the plantago virus were found in the field. 
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stance. Thus, although the virus becomes systemic in N' plants, it is limited 
ill its distribution to a relatively few well-defined chlorotic or necrotic spots. 
Virus concentration in the mottled leaves of Ky. 16, inoculated with plantago 
virus, was high. There appeared to be no localization of the virus whatever 
in invaded leaves of Ky. 16. 


TABLE 1. — Virus distribution in chlorotic and necrotic areas and in green areas of 
V' hurley plants inoculated tvith the plantago uirus, as indicated by the number of 
necrotic spots produced on N hurley leaves 


Virus source 

1 

Disk from 

Total 

disks 

Total spots 
on N 
burley 

Av. No. 
spots per 
disk 

Ky. 36-12 

Pepper burley, necrotic 




BelUs field 

and chlorotic areas 

18 

3,779 

210 

Same 

Same — green areas 

17 

0 

0 



1 

34 

34 

Plantago, 2 strains 

Same — chlorotic and 





necrotic areas 

48 

15,756 

328 

Plantago, 2 strains 

Same — green areas 

18 

0 

0 

Plantago, 3 strains 

Plantago leaves 

18 

6,957 

386 

Plantago and tobacco, 





12 strains 

Ky. 16 

12 

5,347 

445 

White tobacco mosaic 

Ky. 16 

6 

1,909 

318 

Yellow tobacco mosaic 

Ky. 16 

6 

1,653 

275 


REACTION OP PLANTAGO VIRUS ON NN' PLANTS 

Tobacco-mosaic virus strains and the plantago virus both produce essen- 
tially the same type of necrotic spots on NN Burley 48-7, derived from 
Holmes’ fifth backeross of Ky. 16 on N. digluta. On N'N' burley the plan- 
tago and a few strains of the tobacco-mosaic virus produce necrotic spots, but 
most tobacco-mosaic virus strains cause only mottle. The spots on young, 
tender N'N' plants are very similar to spots on NN plants, but on older plants 
the spots develop more slowly, are smaller, are evident first on the upper 
surface, rather than the lower as on NN plants, and show a much more dis- 
tinct yellow halo than on NN plants. As both N and N^ factors are Men- 
delian dominants, and, as both affect the reaction of at least certain strains 
of tobacco mosaic on plants containing them, it ^¥as of interest to compare 
the reaction of the plantago and tobacco-mosaic viruses on heterozygous NN' 
plants. Tests were first made on F 2 Burley 83-6 derived by 4 backcrosses 
of McMurtrey 8 N'N' (Greenville, Tennessee, Tobacco Experiment Station) 
on an N burley. On field-size blooming NN' plants of this hybrid in the 
greenhouse the tobacco-mosaic viruses, including those causing the necrotic 
reaction on N'N' plants, all caused the usual necrotic spots. The plantago 
virus produced no reaction or such a weak reaction on these well-developed 
leaves as to be hardly noticeable. P 3 plants of 83-6, segregating for N and 
N', inoculated with the plantago virus soon after transplanting to thumb 
pots, all developed necrotic spots and could have been classified as N. When 
the inoculated leaves were removed and the plants -were inoculated with 
tobacco mosaic virus, they could be separated into those containing N and 
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those not eoiitaiiiing it ; because of necrosis in N plants and mottle in 
Piirther tests were made on an Fi hybrid of Pepper biirley N'N^ and Ivy. 
48-7 NN. When these plants were growing rapidly in 4-ineli pots, one half 
of a leaf was inoculated with tobacco mosaic and the other half with i^lantago 
yiriis. The large necrotie spots produced by the tobacco virus and the small 
spots of the plantago virus are shown in figure 2, B. Thus, in two hybrids 
the presence of the N' factor has had no influence on the N reaction of the 
plant to the tobacco mosaic virus, but the N' factor appears to dominate com- 
pletely the reaction of the plant when inoculated with the plantago virus. 
In this respect the plantago virus differs from the strains of tobacco-mosaic 
virus that cause a necrotie reaction on N'N' tobacco plants. On NN' hurley 
these tobacco-mosaic viruses cause the normal reaction of the tobacco-mosaic 
viruses on N plants. 

TOBACCO-MOSAIC VIRUS STRAINS TRANSFERRED TO PLANTAGO 

Attempts to transfer 14 distinct field strains of tobacco-inosaic virus from 
tobacco to Plantago major in the late fall resulted in 12 instances in the 
development of local ill-defined to W'dl-defined necrotic spots, sometimes sur- 
rounded by concentric necrotic rings, and, in 2 instances, of no local lesions. 
Fourteen transfers from new leaves of inoculated Plantago major plants to 
N hurley after 44 days produced only 1 necrotic spot. From the 2 inoculated 
plantago leaves without s.vmptoms, 63 spots developed from one and 54 from 
the other. From the 12 inoculated leaves with necrotie patterns, spots 
ranged from 19 to 530, with an average of 311. A disk from unrubbed leaves 
of plantago plants inoculated with the plantago virus developed 400 spots ; 
another disk 190 spots. Further attempts in the spring to transfer tobacco- 
mosaic virus strains to Plantago major resulted in slowly developing chlorotic 
spots surrounded by chlorotic rings (Fig. 1, D). In no case has it been 
clearly demonstrated that the tobacco-mosaic virus became systemic in Plan- 
tago major. It is evident that the strains of tobacco-mosaic virus tested 
multiply in plantago, as Holmes found, but appear to be nearly completely 
localized. 

EFFECT OF PLANTAGO VIRUS ON TOMATO 

As previously mentioned, the plantago virus studied in 1930 produced a 
faint mottle and some necrotic streaking in June Pink tomato. In the pres- 
ent studies, 7 Marglobe tomato plants, growing vigorously in a ground bench, 
were each inoculated, February 9, 1942, on three tip leaflets of one leaf about 
half way up the plant when the plants were about 27 inches tall. Other 
plants were inoculated in the same way with strains of tobacco mosaic that 
caused necrosis on N'N' burley. The tobacco mosaics each caused systemic 
mosaic in tomatoes, but none of the plants inoculated with the plantago virus 
developed any symptoms whatever. Tests for the presence of virus in inocu- 
lated leaves and in growing points were made, March 9, 1942, on large 83-6 
burley plants (N'N) before it was realized that they reacted only weakly to 
the plantago virus. The results were all negative from tomatoes inoculated 
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with plantago virus, but were positive with those inoculated with tobacco 
mosaics. Later, 16 Marglobe plants, 3 inches tail, were thorouglilj inocu- 
lated on two leaves with one of 3 strains of plantago virus. All developed 
systemic mottling and 12 developed some streak. In April 3-iiich June Pink 
plants, Just becoming established in 4-inch pots, were inoculated. Three lots 
of 4 plants each were each inoculated with a different collection of the plan- 
tago virus. Two plants of each lot were inoculated on all leaflets of the 
first 2 leaves and the other 2 were inoculated on the tip half of 3 leaflets of 

I leaf. No local lesions developed, but soon systemic mottling occurred in 
the heavily inoculated plants, accompanied by mild necrotic streaking of the 
stalks and midveins and necrotic spots or rings in iiwaded leaves. As growth 
continued, symptoms were limited to isolated chlorotic spots in the new leaves 
that caused some distortion and prominent mottling. Of the lightly inocu- 
lated plants, only 2 became systemically invaded 3 weeks or more after inocu- 
lation. AAhien the above test was repeated on 8-inch June Pink tomato plants 
in 6-inch pots, infection developed, after 35 days, only in the heavily inocu- 
lated plants. 

Later, 4 Marglobe plants 20 to 27 inches tall were inoculated on 3 leaflet 
tips of 1 leaf or on all leaflets of 3 leaves about two-thirds up the plant. 
None of these plants developed systemic infection. In tests of the leaf tissue, 
using 3 0.6-cm. disks from actually inoculated tissue of each plant, only 5 of 

II trials produced necrotic spots on a necrotic-spotting NN hurley. 

The results of these tests suggest that tomato is resistant to the plantago 
virus, but, if young, vigorous plants are heavily inoculated, the virus w^ill 
become systemic. As the leaves age they appear to become more resistant to 
both local and long-distance spread of the virus. The resistance of the 
tomato to the plantago virus is not very different from that of mosaic-resistant 
Ambalema hurley hybrid plants to the tobaceo-mosaic virus. 

DISCUSSION 

The widespread distribution of a virus in plantago, which is so closely 
similar to the tobacco-mosaic virus that Holmes claimed ‘ ^ it was a strain of 
tobacco-mosaic virus {Marmor tab ad is of interest from the stand- 

point of the origin of a virus of a cultivated crop, such as tobacco. There 
seems to be no (piestion that the plantago virus and the numerous field 
tobacco-mosaic virus strains are closely related. But to claim that plantago 
virus is a strain of the tobacco-mosaic virus implies that the changes in the 
virus have been from the tobacco-mosaic virus to the plantago virus, rather 
than in the opposite direction. On the contrary, it is not unreasonable to 
assume that the plantago virus antedates the allopolyploid species Nicotiana 
iabaeum and cultivation of tobacco by the Indians, and, therefore, antedates 
the tobaeco-mosaic virus itself. While there are species of Nicotiana that 
are susceptible to tobacco mosaic, it is doubtful whether in nature the virus 
maintains itself in these annual species. But there would be no difficulty in 
the virus maintaining itself indefinitely in a perennial species such as Phin- 
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iago major and attaining a very wide geograpliic distribution in the absence 
of any effective insect vector. Any mechanical means of distribution, such 
as the hoofs of animals tramping over diseased and then healthy plants j 
should be sufficient to bring about widespread distribution of a virus that 
withstands drying and is as easily transmitted as the plantago virus. 

With the development of tobacco and its cultivation by the aborigines, the 
virus could readily have been transferred from plantago to tobacco, as illus- 
trated on the Bell farm. If the variety of tobacco happened to be of the n^n^ 
genetic make-up, then a mottle disease would result which could be passed 
on indefinitely in cultivated tobacco grown by men who handled tobacco from 
the previous infected crop. Holmes has shown that there is a slight tendency 
for the plantago virus to develop substrains and in the present study a collec- 
tion made in Connecticut developed the burning type of necrosis much more 
slowly in Ky. 16 than the local strains. Therefore it may be assumed that 
the virus is variable but confined, in its variability, to the limitations placed 
upon it by the genus Plantago. 

Man, in handling tobacco plants with fingers contaminated by virulifer- 
ous dry tobacco, gives a means by which mutant strains can be isolated and 
then perpetuated. Blood (1) has demonstrated the ability of the tobacco 
mosaic virus to mutate sufficiently so that it could cause mosaic mottle in 
datura plants that previously showed the necrotic reaction. When the 
mutant virus was transferred to other datura plants, it no longer caused 
necrosis but caused a mottle disease. Thus by mutation, strains of the plan- 
tago virus might arise capable of causing mottle in N' plants, and gradually 
the numerous field strains of the common tobacco mosaic could have been 
evolved. On the other hand, considering the high degree of resistance of 
plantago to systemic infection by the tobacco-mosaic virus, it is unlikely that 
the plantago virus originated from the tobacco-mosaic virus and was then 
distributed over its wide range in a relatively pure form. 

In studies of the common field strains of the tobacco-mosaic virus for the 
past 20 years, the writers have failed to find any evidence for a type strain, 
but have found a nearly limitless series of strains, such as would be expected 
from a mutating species given opportunity to perpetuate its mutant strains. 
Each of the strains appears limited in its distribution, but any one of them 
may be maintained as a laboratory strain. Holmes has named the plantago 
virus Marmor f abaci var. plantaginis, thus making it coordinate with the 
strains of the tobacco-mosaic virus that he has recognized with Latin varietal 
designations. Obviously, it is not coordinate with them because it is a virus 
with well-defined characters, is well established in nature over a wide geo- 
graphic range, and is found on a distinct group of plants, whereas his tobacco 
mosaic varieties are ill-defined, are not established in nature, and are obvi- 
ously mutant strains of a well-recognized virus. This would seem sufficient, 
according to the criteria proposed by Valleau (7, p. 821), to give the plantago 
virus a varietal designation in contrast with the numerous mutant strains of 
the tobacco-mosaic virus, which should be given only laboratory designations. 
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Euen tlioiigli the plantago virus proves to be the stem from which the 
tobacco-mosaic viruses have arisen, it would seem necessary, because of prior- 
ity, to designate it a variety of the species tab mi. According to the system 
proposed by Valleau, the virus vrould be called Musimim tabad var. pkin- 
taginis new comb. 

summary 

The plantago Aurus is common in Plantago sp. in the vicinity of Lexing- 
ton, Kentucky. An outbreak of a necrotic virus disease of burley tobacco 
was found to be caused by the plantago virus in a variety that responded 
Avith the necrotic reaction. In some other A-arieties, the same Aurus causes a 
mottle disease. Both types of reaction AA^ere found in tobacco plants natur- 
ally infected. 

In tobacco carrying the N factor from Nicotiama glutinosa, the plantago 
virus and the tobacco-mosaic virus cause similar necrotic reactions, but, in 
tobacco carrying the N', as well as the N, factor, the plantago Aims produces 
few minute necrotic spots, while the tobacco mosaic Aims causes the usual 
necrotic reaction. 

The suggestion is made that the plantago Aims may have antedated the 
origin of A. talacum md that the numerous strains of the tobacco-mosaic 
vims may have derived from the plantago virus by mutation. 
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THE ZONATE LEAF SPOT, A NEW DISEASE OP SORGHUM 

D . C . B A I IT AND C . W . E D G E R T 0 N 
(Accepted for publication June 29, 1942) 

111 the fall of 1940, a leaf spot was noted on the leaves of several varieties 
of sweet sorghum {Sorghum vulgar e Pers.) growing on the experiment sta- 
tion grounds of Louisiana State University at Baton Eouge, Entire leaves 
of most of the plants were covered with large and somewhat zonate spots, 
and in these spots were numerous black sclerotia-like bodies. 

Diseased leaves were placed in moist chambers, while bits of others were 
surface-sterilized and planted in bean-pod agar. A fungus with filiform 
conidia, borne in a slimy matrix, was obtained so consistently that it seemed 
advisable to make inoculation tests. Kesults of the inoculations indicated 
that the fungus was definitely pathogenic. 

Attempts to identify the fungus were, from the beginning, unsatisfactory. 
It resembled in many ways a fungus that Miura (5) described from Man- 
churia in 1921 under the name Raniulispora andropogonis Miura. Later, 
in 1932, following the ideas of Bubak (4), the name was changed to 
Titaeospora andropogonis (Miura) by Tai (6). The genus Titaeosporaj 
however, is characterized by the presence of branched conidia. Although 
the conidia of the sorghum fungus were definitely not branched, there was 
a possibility that the branching of the spores was not a fixed character and 
occurred only under certain conditions. Because of the apparent similarity 
of other characters, the sorghum fungus was then tentatively considered 
the same as the Manehurian fungus (1, 2). This, however, was later proved 
incorrect (3). In the summer of 1941, a fungus, definitely determined as 
Titaeospora andropogonis ^ was collected on Johnson grass {Sorghum 
halepense (L.) Pers.). This fungus bore the typical branched spores, as 
described for Titaeospora^ and was shown to be different from the sorghum 
fungus. It seemed clear, then, that the sorghum fungus was not only a new 
species but also did not fit satisfactorily in any of the commonly known 
genera of the Fungi Iniperfecti. 

In the fall of 1941, a culture of the fungus, stained paraffin sections, and 
fresh mounts of the fruiting body on the host were sent to C. L. Shear for 
identification. Shear’s reply was as follows: ^'This is a very interesting 
organism, and I have spent considerable time in attempting to identify it but 
have been unable to find any description of either genus or species which 
agrees with it. It suggests a Cercospora somewhat but differs in having 
slimy spore masses, and very short eonidiophores and a SporodocJm§m^e 
base unlike most Cerospora species. It seems to be nearer the Tulercu- 
lariaceae. We are tentatively calling it Oloeocercospora heterospora n. gen. 
& sp, I do not feel quite sure at present whether all of the various forms, 
shapes, and sizes of conidia are mere variations of one form or whether there 
are two forms, one shorter and slightly thicker than the other. The sclerotia 
formed in culture are also an interesting feature of the fungus. ’ ’ 
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Based on a study of coiiidia from single-spore cultiires and from the 
Lost, it is evident that the differences in the conidia are only variations of 
one form. Since the term ‘^heterospora’’ suggests more than one distinct 
type of conidium, and since the organism occurs on species of the genus 
Sorglmm, the name Gloeocercospora sorgM is now being proposed for the 
fungus. 

SYMPTOMS OP THE DISEASE 

The leaf spots produced by Gloeocercospora^ when well developed, can 
usually be distinguished from other sorghum leaf spots. Initial lesions ap- 


Fig. 1. Leaf spots produced hy Gloeocercospora sorghi on leaves of sweet sorglnim. 
A. Spots produced by natural infection. B. Spots produced by inoeiilation with pure 
culture. 

pear as small, reddish or brownish, water-soaked spots that sometimes have 
a narrow, pale-green halo. Later, as the spots enlarge, they become a dark- 
red, except in certain varieties where they are light-brown, and become 
somewhat elongate and parallel to the veins. They finally form (possibly 
by coalescence) large, semi-circular, or irregular lesions several centimeters 
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ill diameter (Fig. 1). A smaller lesion nsually has a light-brown center, 
surrounded by a light- to dark-red border; but, frequently, in larger lesions 
there may be an alternation of dark and light zones. These leaf lesions may 
occur along the margins or towards the midrib, or they may cover the entire 
leaf when infection is heavy. Often the younger red lesions are so numerous 
as to form red irregular blotches. The zonate spots have been observed as 
early as the first part of June. Because of the characteristic type of spotting, 
the name '‘zonate leaf spot’’ is suggested for the disease. 

A few weeks after infection occurs, minute spherical to lenticular 
sclerotia appear in the necrotic areas of infected leaves and sheaths. Leaves 
and sheaths are the only parts of the plant on which symptoms have been 
observed. The fungus, however, has been isolated from surface-sterilized 
seeds and glumes, wdiich indicates that these structures also become infected. 

HOST RANGE AND DISTRIBUTION 

The fungus was widely distributed in 1941 in southern Louisiana, being 
found on sorghum, Johnson grass, and Sudan grass {Sorghum vulgar var. 
sudcmense (Piper) Hitchcock). During the summer of 1941, typical zonate 
lesions were noted at Meeker, Louisiana, on one variety of sugarcane, C.P. 
33/243. Leaves showing these lesions, when placed in a moist chamber, 
produced within a few days, conidia of Gloeocercospora. In 1942, the fun- 
gus was also collected on corn {Zea mays L.) at Baton Kouge. 

The distribution of the fungus outside of Louisiana is indefinite. It wms 
collected in 1941 on Johnson grass and sorghum at Poplarville, Mississippi. 
That it may have a wider distribution is indicated by a culture kindly sent 
by C. L. Lefebvre. This culture was isolated from Sudan grass from 
Arlington Farm, 'Virginia, in 1939. This isolate, except for slight cultural 
differences, proved to be quite similar to cultures isolated from sorghum in 
Louisiana. During 1942, specimens of the fungus on sorghum were received 
from G. F. Weber, Gainesville, Florida, and specimens of apparently the 
same fungus on seedlings of Agrostis were received from C. C. Wernham, 
State College, Pennsylvania. 

THE FUNGUS 

Gloeocercospora sporulates on the host under field conditions but the 
large, well-defined fruiting bodies usually are inconspicuous. However, 
when infected material is placed in a moist chamber for 24 to 48 hours, an 
abundance of fruiting bodies appear in and surrounding necrotic areas. 

From a study of prepared sections, it appears that the fruiting body is 
a sporodochium, and that this structure is found on the surface of the leaf 
above a stomate and arises from hyphae emerging from the stomate 
(Fig. 2, A). These hyphae branch and a sporodochial column is formed 
that, at maturity, is more or less definitely stalked. The branching conidi- 
ophores produce a bouquet-like structure (Pig. 2, B). The sporodochium 
apparently never originates within the tissue of the leaf and becomes 
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erumpent. There is no stromatic base above the leaf surface or in the snb- 
stomatal cavity. The sporodochia are salmon colored and are easily visible 
to the naked eye. They occur either in dense clusters or sparsely in and 
around necrotic areas. 

The conidiophores are so densely clustered that it is difficult to determine 
their length and width. In general, they appear to be short (5 to 10 p), 
hyaline, and either simple or branched. 



Pig. 2. A-D. Gloeocercospora sorgM. A. Young sporodochium, x 500. B. Mature 
sporodochium, x 320. C. Germ tube penetrating stoniate, x 240. D. Spores, stained with 
cotton blue, x 320. E. Spores of Titaeospora andropogotiiSf stained with cotton blue, 
X 320. 

The conidia (Pig*. 2, D) are borne in a pinkish to salmon slimy matrix. 
They are either straight or curved, tapering somewhat from the base to the 
apex, few- to many-septate, hyaline, and elongate to filiform. The length 
varies from 20 to 195 p and at the widest place they are slightly over 3 p 
in width. 

The black sclerotia develop within the tissues of the older leaf lesions. 
They occur at definite intervals and in lines parallel to the veins, which 
suggests that they form under the stomates. The host tissue, however, is so 
badly disintegrated b}^ the time the sclerotia are fully developed that it is 
difficult to determine with certainty their relation to the stomates. In sec- 
tion, the sclerotia are round to elliptic. Each sclerotinm has a central 
portion composed of pseudoparenchymatous tissue that is surrounded by a 
hard layer composed of thick-wmlled cells. 

Gloeocercospora grows rapidly on ordinary culture media, often filling a 
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Petri disli in less tliaii 10 clays. It sporulates abiiiiclaiitly; especially on oat- 
meal agar. The optimum temperature for growth is in the neighborhood of 
28° to 30° C. 

The eonidiophores in culture are hyaline, simple or branched, short, and 
septate. They liaTe been observed to arise pleurogenously from hyphae 
as rather densely clustered short branches. Later, these clusters of conidi- 
ophores may become so dense as to form bouciuet-like aggregates, resembling 
the sporodochia that are formed on leaves. 

In culture the conidia, which develop in pink, bead-like, slimy masses, do 
not differ materially from those on leaf lesions. These masses often coalesce 
to form larger ones. Under optimum conditions, sporulation has occurred 
in 4 days. A conidium is attached somewhat on the side of the slightly 
swollen apex of the coiiidiophore (or its branch) and by its broadest end. 

Sclerotia resembling closely those in the host develop on culture media. 

The conidia germinate readily in water or culture media generally in less 
than 5 hours. Frequently, the different cells of the conidium produce germ 
tubes, as many as 6 having been observed coming from one spore. 

In inoculation experiments it has been determined that the germ tubes 
of the germinating conidia enter the host through stomates. In the tests, 
potted sorghum plants in the greenhouse, plants growing in the field, and 
detached leaves in moist chambers were used. In one of the tests, the plants 
were kept under bell jars for 48 hours after being inoculated by spraying the 
leaves with a spore suspension. Beginning 6 hours after inoculation, ma- 
terial was killed and fixed in a 50 per cent solution of acetic acid in alcohol 
and cleared in a saturated solution of chloral hydrate. When ready for 
examination, leaf sections were stained with a dilute solution of cotton blue 
in lacto-phenol. The fungus took the stain, while the leaf tissue remained 
clear. Material killed 24 hours after inoculation was found most suitable 
for study. 

In all the material examined, no appressoria wex^e found, nor was there 
any evidence of penetration of the epidei’mis. Entrance of the germ tubes 
thimugh stomates was obseived in many instances (Fig. 2, C). In each one 
noted, penetration was effected before branching of the germ tube had 
occurred. Often, the germ tubes appeared slightly swollen at the point of 
contact with the stomatal apeidure. It was noted also that germ tubes would 
frequently grow over and beyond nearby stomates without entering them. 

In most of the experiments, bi'ownish spots began to appear on the leaves 
about 24 hours after inoculation, appai'ently at about the time the germ 
tubes were entering the stomates. 

CLASSIFICATION OF THE FUNGUS 

In the attempts to identify and classify the fungus, it has been necessary 
to compare it with organisms found in such genera as Cylindrospornmi, 
Titaeospora, Cercospora, and Cercosporella. There is no evidence, however, 
that would warrant the placing of the sorghum fungus in any of these 
genera. 
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Tlie fruiting body of Gloeocerspora is a sporodocdiium-like structure and, 
on this account, it is believed that the fungus should be placed in the 
Tuh ereulareaceae. 

The genus Oijlmdrosporium is ordinarily placed in tlie Melanconiales, a 
group characterized by the presence of an acervulus, a structure that is 
innate in the matrix and finally becomes eruinpent. A fruiting structure 
like that found in Gloeocercospora, which originates between the guard cells 
or slightly below and emerges through the stomate, cannot be considered an 
acervulus. For this reason, Gloeocercospora should not be placed in the 
genus Cylindrosporium or in the order Melanconiales. As the spore charac- 
ters of Gloeocercospora resemble those of some of the species at present 
classified in the genus Cylmdrosporiiim^ it would be interesting to determine 
if some of the latter fungi may not have fruiting bodies similar to 
Gloeocercospora. 

The fungus, Titaeospora andropogonis, is also at present placed in the 
Melancofiiales. The fruiting body, however, is not a typical acervulus but 
a sporodochium-like structure, and the fungus probably should be placed in 
some other order. The stroma-like base of the sporodochium underneath the 
stomate and the branching of the spores (Fig. 2, B) are characters of 
Titaeospora wndropogonis, which definitely distinguish it from Gloeocer- 
cospora. 

Gloeocercospora differs from Gercospora and Cercosporella in that its 
fruiting body is definitely a sporodochium and the eonidia are borne in a 
slimy matrix on short conidiophores. 

TECHNICAL DESCRIPTION 

Gloeocercospora gen. iiov. 

Vegetative hyphae septate; fruiting body a sporodochiinn formed on the surface of 
the host above the stomatal opening and arising from hyphae that emerge through the 
stomate; conidiophores hyaline, septate, simple or branehed, short; eonidia hyaline, 
elongate to filiform, of variable length, the longer ones tapering, acrogenous, 1-multisep- 
tate, straight or curved, borne in a slimy matrix. 

Gloeocercospora sorghi sp. nov. 

Vegetative hyphae septate, hyaline, branching; sporodochium between guard cells and 
above stomatal aperture; conidiophores hyaline, septate, simple or branched, short, 
5 to 10 p, ; eonidia hyaline, elongate to filiform, of variable length, the longer ones tapering 
20-195 X 1.4-3.2 p, average 82.5 x 2.4 p, borne in a slimy matrix, salmon-color in mass; 
selerotia 0.1~0.2 mm. in diameter, lenticular to spherical, black, occurring inside the 
necrotic tissue of the host, abundant. Parasitic on leaves of 8 or glum halepense (L.) 
Pers., varieties of 8. vulgare Pers., and other grasses. 

Type locality : Baton Kouge, Louisiana, U. S. A. 

Type mateiual including leaves, slides, and dried agar cultures of the 
fungus has been deposited in the herbarium of the Department of Botany, 
Louisiana State University and the myeologieal collections of the Bureau 
of Plant Industry, Washington, D. C. 

Department OP Botany, 

Louisiana State University, 

Baton Eotjge, Louisiana. 
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ANOTHER HYPHOMYCETOUS FUNGUS PARASITIC ON 
PYTHIUM OOSPORES 

Charles Drechsler 
(Accepted for publication July 22, 1942) 

In an earlier paper (3) 2 hyphomyeetoiis fungi, Trmacrmwi siihtile 
Riess and Dactylella spermatopliaga DreclisL, were reported as iiaviiig been 
found subsisting parasitically on mature oospores formed by root-rotting 
oomyeetes in isolation plate cultures prepared by planting sizable fragments 
of diseased vegetable tissue on maize-meal agar. From their morphological 
features and developmental traits these 2 fungi could be recognized as closely 
akin to the series of mucedinaceous forms most familiarly exemplified in 
Arthrol)otrys oligospora Fres., the larger number of which, under natural 
conditions, habitually secure their nourishment by capturing nematodes, 
amoebae, and testaceous rhizopods. 

More recently a third fungus of like biological habit and presumably 
also of like taxonomic kinship came to light in an old Petri-plate culture of 
Pythium graminicolum Subr., following the addition of a small quantity 
of leaf mold taken from woods near Haugen, "Wis., in September 1939. 
Throughout a tract of approximately 500 square millimeters bordering the 
deposit of forest refuse, many thousands of oospores were found reduced to 
membranous remains. Day after day other oospores could be observed 
undergoing destruction along the margin of the slowly enlarging tract. The 
units of sexual apparatus about to be attacked arrested attention by the 
development of a distended crook-necked structure whose broadly rounded 
apex was closely appressed to the oogonial membrane ; so that an appearance 
curiously suggestive of fertilization was presented, though true fertilization 
had everywhere been accomplished fully 2 months earlier. The crook-necked 
structure, while closely resembling the antheridia of various species of 
Pythium^ including P. graminicohim^ soon revealed its proper character by 
functioning as an appressorium in thrusting a process, often 1.5 to 2 jj wide, 
through the oogonial membrane and into the oospore wall. Within this wall 
the intruded process would sometimes gradually expand for about 2 hours 
and thus form a conspicuous bulbous enlargement 8 q or 9 p in transverse 
diameter (Fig. 1, A-D) before breaking into the chamber of the spore (Fig. 
1, E) and extending throughout the protoplast a rather massive, somewhat 
branched haustorium (Fig. 1, F, 6). Usually perforation of the oospore 
\vall -was accomplished with less pronounced inflation, the invading process, 
in most instances, becoming distended to a width of perhaps 4 p or 5 q in 
passing through the thick envelope (Fig. 1, H, I). 

The protoplasmic content of the oospore usually revealed no change in 
its normal unitary organization (Fig. 1, A) until the invading fungus had 
almost penetrated the enveloping wall. At that stage the reserve globule 
often lost its smoothly circular contour, while, simultaneously, the refringent 
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Fig. 1, Tricliotheoium arrJienopum drawn to a uniform magnification with the aid of 
a camera lucida; xlOOO throughout. A-G. Successive stages in the penetration and in- 
vasion of an oospore of JPythium graminicolum ohseTved. during 21 hours. H, I. Portions 
of mycelium, each with an appressorium from which an oospore of P. graminieolum has 
been invaded. J-N. Portions of prostrate hyphae bearing one or two simple erect conidio- 
phores. 0, P. Branched conidiophores. Q, a~z; R, a-c. Random assortment of eonidia, 
showing variations in size and shape. 
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body assumed an elongated (Pig. 1, B) or irregular outline. fSooii after- 
wards the parietal granular layer became interspersed with numerous small 
vacuoles, and merged more and more with the misshapen reserve globule 
(Pig. 1, C, D). By the time the invading fungus had irrupted into the 
chamber of the oospore the refringent body often could no longer be clearly 
distinguished (Pig. 1, E-G). Gradually the disorganized mass of proto- 
plasm became less dense in texture as the substances composing it were 
absorbed by the haustorium. The oospore wall became noticeably swollen 
and evidently underwent some softening (Pig. 1, H, I), though it was not 
apparent that the softened materials were assimilated. Eventually, after 
the granular residues of the host had disappeared, the protoplasmic con- 
tents of the haustorium itself were withdrawn into the external mycelium 
of the parasite. 

This mycelium consisted of delicate hyphae giving off branches rather 
promiscuously in all directions (Pig. 1, A, H, I). Many of the finer ramifi- 
cations were appreciably narrower than 1 [i, while the axial filaments from 
which they arose often did not exceed 1.5 p in width. The delicate vegetative 
habit appeared to represent an adaptation whereby the parasite is enabled, 
with obvious economy, to seek out oospores in scattered positions. When an 
oogonium containing an oospore was encountered, the successful exploratory 
branch enveloped the oogonial membrane very tightly about half way around 
its circumference (Pig. 1, H, I) before giving rise terminally to the massive 
crook-necked appressorium already described. Unsiiceessfiil exploratory 
branches, on the other hand, were soon evacuated through retraction of their 
protoplasm into the parent filaments. Septa could not be recognized within 
any portion of the exploratory mycelium that remained full of protoplasm, 
though partitions were readily visible within empty portions of hyphae, as 
well as at the boundaries of living portions. Perhaps intercellular septa, as 
distinguished from retaining walls, were omitted here in order to promote 
freer movement of protoplasm, and thus to facilitate the ready production 
and extension of exploratory branches. However, it is also possible that 
intercellular septa were present, but, owing to the small dimensions of the 
filaments, were indiscernible to ordinary microscopical inspection. The 
apparent continuity of its living portions made the submerged parasitic 
mycelium resemble in some degree the mycelium of a delicate phycomycete. 

That the parasite is, nevertheless, not a phycomycete was evident from 
the indubitably septate condition of some coarser, more straightforward, and 
only sparingly branched hyphae formed on or near the surface of the agar 
medium (Pig. 1, J~P). These hyphae were concerned more directly with the 
asexual reproduction of the fungus than with its vegetative development, 
since they gave rise at moderate intervals to erect, slender, colorless, fre- 
quently uniseptate, aerial eonidiophores (Pig. 1, J-L; M, a, b; N, a, b), 
which usually concluded their development by bearing a single colorless 
elongated conidium. Sometimes, to be sure, a eonidiophore, after declining 
to the substratum, extended its usefulness by sending up a secondary 
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coiiidiophore as a lateral branch (Pig. 1, 0, P) ; the secondary conidiophore, 
after bearing its single coiiidinm, then occasionally falling over in tnrn 
and giving rise to a tertiary fertile branch. With respect to such protracted 
development, the fungus showed similarity not only to the oospore-destroying 
BactyUlla spermatophaga, but also to many of the more robust members 
of the predaceous series of hyphomycetes subsisting habitually through 
capture of animals. 

The eonidia (Fig. 1, Q, a-z; K, a-c), whether produced on simple 
conidiophores or on branches arising therefrom, were only about two-thirds 
as wide and less than half as long as those of Dactylella spermatopliaga^ from 
which they differed further in being divided regularly by a single cross wall 
rather than by 3 cross walls. Their meager septation, blunt ends, and lack 
of pronounced curvature, removed them from any close resemblance to the 
macroconidia of Fusariimif though some general similarity to the much less 
distinctive microconidia produced by members of that genus was evident. 
Taxonomic disposition of the fungus is, therefore, not disturbed by such 
perplexities as are attached to the curiously ambiguous conidial morphology 
of D. spermatopliaga. 

The character of its asexual reproductive apparatus clearly refers the 
fungus to Trichothecmm Link in the more restricted sense in which this 
genus was adopted by Saceardo (8, v. 4, p. 178). Trichothecium^ through- 
out the Sylloge Fungomm^ is held distinct from Cepkalotliecmm Corda, — 
the former being made to include species that bear uniseptate, hyaline or 
light-colored eonidia singly on simple erect conidiophores, while the latter 
is reserved for species bearing such eonidia plurally in more or less capitate 
arrangement on conidiophores likewise erect, simple and septate. The dis- 
tinction thus drawn has fallen somewhat into disfavor from a belief that 
T. rosmm Link and 0. roseum Corda, on which, respectively, the 2 genera 
would seem to have been founded, and by which, certainly, they have long 
been most familiarbv exemplified, represent one and the same fungus. The 
fungus that presumably is in question here, best known to students of plant 
diseases from its causal connection with pink rot of apples, may, indeed, be 
found bearing solitary spores on conidiophores just at the beginning of 
their reproductiveness, whereas its older conidiophores are commonly found 
supporting a number of spores in a contorted spicate cluster having the 
general appearance of a head. Owing to the formation of the eonidia one 
after another, in basipetal order, the clustered condition is necessarily 
preceded for a brief period in the development of the individual coiiidiophore 
by a condition that could be interpreted as expressive of a solitary sporu- 
lating habit ; though the usual prevalence of a clustered arrangement where- 
ever the fungus is present in quantity should remove virtually all occasion 
for such error. 

The earlier definitions of Trichothecmm were flagrantly wanting in 
morphological detail. Link failed to specify any particular manner of spore 
formation both in his first (5, p. 18) and in his second diagnosis (6 p. 28) 
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of the genus. Nor is any particular manner of spore formation inentioned 
in his diagnosis of T. roseum (6, p. 28) ; and the single relevant figure given 
by him (5, Tab. 1, 27) merely shows detached uniseptate spores scattered 
promiscuously among a number of septate hyphae. The usage that in early 
times grew up with regard to the species would seem to have been based more 
on considerations of color, habitat, and distribution than on considerations of 
morphology. Confusion of more than ordinary seriousness arose. As late 
as 1912 Grove (4) held that T. roseum, T. candidum Wallr., T, ohovatum 
(Berk.) Sacc., C. roseum^ C, candidum Bon., Arthrolotrys superha Covds., 
A. oligospora, and A. rosea Mass, might represent varying states of one 
species. 

The citation of Artkrohoirys superha and of A, oligospora, with which 
A. rosea appears identical, among the dubious species of TrichotJiecium and 
Cephalothecnim was without much justification, since the distinction between 
the truly capitate sporulation of A. oUgospora and the successive, basipetal 
production of conidia in the pink-rot fungus had been repeatedly pointed 
out during the preceding half-century. This difference in manner of 
cluster development seems, indeed, of far greater taxonomic significance than 
the difference between production of single capitate clusters and successive 
capitate clusters ; wherefore, some years ago, in describing as new 2 nema- 
tode-capturing species that give rise only to single capitate clusters, I 
ventured to assign them under the names A. musiformis and A. daciyloides, 
to Artkrohoirys (3) rather than to Gepkalotkecium^ as wnuld have been re- 
quired ill strict accordance with Saccardian usage. Through such extension 
of Artkrohoirys at the expense of Cepkaloihecmm, the latter genus, of 
questionable validity because of its erection subsequent to Tricdioikecium, 
is conveniently excluded from the predaceous series of hyphomyeetes. Of 
the 7 species compiled under C epkalotkecimn in the Sylloge Fwngorum^ C. 
macrosporum Speg. with fertile hyphae ‘ ‘ apiee minute abrupteque noduloso- 
sterigmatophoris^^ (8, v. 10, p. 549), and C. microsporum Eichelb. with 
conidiophores ‘^apice infiatis et minute verruculosis ’ ^ (8, v. 22, p. 1305) 
might perhaps belong in the predaceous series. On the other hand, although 
Zopf ’s figure of G. roseum (9, p. 309, fig. 26, IV) shows uniseptate conidia 
borne in pronouncedly capitate arrangement on an erect conidiophore, the 
large, subspherical, terminal, OedocepkalumAike enlargement to -which the 
conidia are attached seems scarcely less alien to Artkrohoirys than to C. 
rose%m% as originally described and figured by Corda (1, Tab. X, fig. 62) . 

The hj^phomycetous forms intimately akin to Artkrohoirys oUgospora^ 
but producing their uniseptate conidia singly, offer no prominent morpho- 
logical feature whereby they can be separated readily from the forms that 
while likewise producing solitary uniseptate conidia on erect sporophores are 
related to Trichotkecmm roseum. Under natural conditions of development 
a heavy, somewhat crustose, and rather bright-colored turf of sporiferous 
hyphae is likely to denote affinity with the pink-rot fungus, 'while scant 
development of colorless or only faintly tinged sporiferous hyphae would 
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more probably betoken affinity in the predaceous series, — the abundant 
display of conidial apparatus in the former instance being referable to 
direct utilization of the substratum as food supply, whereas the meager 
display in the latter instance derives from utilization only of minute ani- 
mals or fungal structures associated "with the substratum. Because of its 
very delicate aerial development T> griseum Speg. (8, v. 4, p, 180), for 
example, may be suspected of belonging in the predaceous series. The 
similarly very delicate T. inaequale (8, v. 18, p. 539) described by Massee 
and Salmon (7) from horse dung and rabbit dung in England, almost 
certainly is a member of this series, and very probably, in view of its close 
resemblance to the nematode-capturing fungus I described as T. poly- 
Irocliiim (2), habitually subsists on eelworms. As the fungus found para- 
sitizing oospores of Pythiiim graminicolum gives rise to conidial apparatus 
in quantity so small as to be wholly invisible to the naked eye, its presence 
would ordinarily escape detection on opaque natural substrata. At all 
events, it cannot be identified with any of the 18 species compiled under 
Trichothecium in the Sylloge Fimgorum, and has apparently not been 
described hitherto. It is, accordingly, presented as a new species under a 
specific name meaning ‘^masculine-looking,’^ which is intended to be 
descriptive of its antheridium-like appressoria. 

Tricliotliecium arrhenopum sp. nov. 

Mycelium boiiam partem valde ramosum, hypMs incoloratis, eerte ex parte septatis, 
plerumqiie 0.6-2 crassis, in oogonium Pythii maturum iiicasis id partim arte circum- 
plectentibus denique appressorium ei late applicantibus ; appressorio plerumque 5-8 g 
crasso, 8-18 }.i longo, ad iiistar antberidii curvato, membranas oogonii oosporaeque perf o- 
rante denique ramos assumentes 1.5-3 ^ crassos intrudente. Hypliae fertiles erectae, 
incoloratae, pauce septatae, plerumque 25-50 jji altae, basi 1.7-2. 5 ^ crassae, apice 0.7~1.5 jx 
erassae; coiiidiis solitariis, incoloratis, clavulatis vel elongate -ellipticis, basi obtusis, 
sursum rotundatis, medio septatis, plerumque 17-25 [x (saepe circa 21.4 5 . 1 ) longis, 2.6- 
3.7 }x (saepe circa 3.1 j.i) crassis. 

Habitat in bumo silvestri prope Haugen, Wisconsin. 

Mycelium in large part abundantly branched, and in part, at least, septate ; the vege- 
tative hypbae colorless, mostly 0.6 to 2 jx wide, on encountering a mature Pythkim 
oogonium enveloping it very closely along approximately one-balf of its circumference and 
then producing an appressorium in broad contact with it ; appressorium mostly 5 to 8 jxl 
wide, 8 to 18 jx long, curved or crook-necked after the manner of some antheridia, after 
penetrating the walls of both oogonium and oospore intruding a haustorium with branches 
1.5 to 3 g wide to appropriate the protoplasmic contents. Conidiophores erect, colorless, 
usually with a single septum near the base, measuring mostly 25 to 50 jx (average 34.4 p) 
in height, 1.7 to 2.5 p (average 2.2 p) in basal width, and 0.7 to 1.5 p (average 0.9 p) in 
apical width. Conidia solitary, colorless, somewhat elavate or of elongate-elliptical out- 
line, blunt at the base, rounded at the tip, mostly 17 to 25 p (average 21.4 p) long, 2.6 
to 3.7 p (average 3.1 p) wide, divided by a median septum, the position of which is some- 
times marked by a slight constriction. 

Occurring in leaf mold near Haugen, Wis. 

SUMMARY 

A delicate mueedinaeeous fungus from 'Wisconsin leaf mold was found 
energetically parasitizing* oospores of Pythium graminicolum in an agar 
culture. It is described as a new species under the name Trichothecium 
arrhenopum. Like Trinaerhm siibiile and Dacty fella spermatophaga, which 
have previously been made known as oospore parasites, it seems closely re- 
lated to the series of predaceous hyphomyeetes exemplified in Arthrolotrys 
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oligospora rather than to the familiar T. roseiim. It penetrates the oognnial 
envelope and the oospore wall by means of a massive crook-necked appres- 
sorinm having a ciirioiis resemblance to the aiitheridia of many species of 
Pythmm. 

Division op Fruit and Vegetable Crops and Diseases, 

Bureau op Plant Industry Station, 

Beltsville, Maryland. 
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SEEDLING BLIGHT AND ROOT ROT OP GRASSES IN MINNESOTA^ 

E. A. Andeews 
(Accepted for publication July 12, 1942) 

There have been nnmeroiis complaints of failure to obtain stands of vari- 
ons species of grasses, even when seeds are sown in apparently favorable seed 
beds. Furthermore, 1-year-old plants have been observed injured by root 
rot in nurseries, the damage being especially severe on the Forage strain of 
crested wheatgrass. 

Because of the difficulties encountered in obtaining and maintaining 
stands of grasses, work was begun in the fall of 1939 to determine the cause. 
Seed of the following grasses were surface sterilized for 3 minutes in mer- 
curic chloride and plated out on acid potato-dextrose agar: Bouielotm gra- 
cilis (H. B. K.) Lag., B. curti/pendula (Michx.) Tiirr., Agropyron cristaUim 
(L.) Beauv., ^4. paucifloritm (Schwein.) Hitchc., A. smithii Kydb., Andro- 
pogon furcahts Muhh, A. scoparms Michx., Bromtis imrmis Leyss., Buchloe 
dactyloides (Nutt.) Engelm., Elymus canadensis L., Panicum virgatum L., 
Poa ampla Merr., and Sorghastrum nutans (L.) Nash. Many fungi, in- 
cluding PLelminihosporium, Alternaria^ Fusari/iim, Cladospormmj and Peni- 
cillmm spp., were obtained from a total of 1,500 seeds. Bacteria, also, were 
commonly isolated. 

Surface-sterilized and nonsterilized seed of the above species of grasses 
also were planted in steamed and nonsteamed sand. No significant differ- 
ences were observed in germination capacity, time of germination, or in 
seedling vigor. Therefore, work with the organisms isolated from seed w^as 
discontinued and attempts were made to isolate organisms from the roots of 
grass seedlings grown in soil from different sources. 

Seed of Agropyron smithii^ Andropogon scoparms^ Boutelona gracilis^ 
B, curtipendula, Bromus inermis^ Poa ampla, and Sorghastrum nutans were 
planted in the greenhouse in soils abtained from Brookings, South Dakota, 
and Waseca and St. Paul, Minnesota. Organisms were isolated from the 
roots of the resulting plants by surface-sterilizing tissue with mercuric 
chloride and then plating out on acid potato-dextrose agar. The isolates 
obtained w’^ere then tested for pathogenicity in a preliminary w'ay by placing 
them in a plate of water agar in which seedlings of bromegrass or crested 
wheatgrass were growing. If the roots of the seedling turned brown or 
died, the isolate was considered pathogenic. Table 1 lists the organisms 
isolated from roots in each of the soils and the pathogenic effects of each. 

1 Paper No. 2010, Scientific Journal Series, Minnesota Agricultural Experiinent 
Station. ^ 

Assistance in tlie preparation of these materials was furnished by the personnel of 
the Works Projects Administration, Official Project No. 165-1-71-124, sponsored by the 
IJniTersity of Minnesota. 

The writer wishes to acknowledge his indebtedness to Dr. E. C. Staknian, Br. Ian W. 
Tervet, Br. J. J. Christensen, and other members of the Bivision of Plant Pathology and 
Botany, University of Minnesota, for helpful suggestions and guidance throughout the 
experiments and the preparation of the manuscript. 
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TABLE 1 . — Soil home organisms isolated from the roots of grass seedlings grown 
in soils from three different sources 



Number of times isolated from soilsa 


Brookings, S.D. 

Waseca, Minn. 

St. Paul, Minn. 

Fusarmm sp 

4p 

1 s 

ip 

3s 

Hehnmthosporium sativum ... 


_ 

3 p 

Alternaria sp 

- 

- 

ip 

1 s 

Stilhaceae 

- 

Ip 

1 s 

- 

Unknown fungi 

ip 

3s 

2p 

3s 


(p) indicates pathogenic, (s) indicates saiirophytie. 


Additional isolations were made from naturally infected soil obtained 
from the agronomy plots at University Farm, St. Paul, Minn., in wdiicli 
1-year-old crested wheatgrass plants were severely damaged by root rot. 
For purposes of isolation, seeds of the Forage and Fairway strains of crested 
wheatgrass were planted in the greenhouse in the soil on which the diseased 
crested wheatgrass plants had been growing. Some of the root tissue of the 
resulting seedlings was surface-sterilized with mercuric chloride before being 
plated out, w^hile some was w^ashed and soaked repeatedly in sterile distilled 
water before being plated out on water agar and potato-dextrose agar. The 
following organisms w^ere obtained ; 14 isolates of PytJimm graminicolimP- 
Subramaniam, 8 isolates of Fiisarium spp., 2 isolates of BJmoctonia solani 
Kiihn, 2 isolates of Helminthospormm sativum P.K. and B., 1 isolate of 
Alternaria sp., and 4 isolates of Triclioderma sp., along with 11 unknown 
fungi. Most of the cultures of Pythiiim^ were obtained by the second 
method of isolation. 

GREENHOUSE PATHOGENICITY TEST 

The pathogenicity of some of the organisms obtained from the lAaseea 
and St. Paul soils, as well as some from the agronomy plot soil, was tested 
in the greenhouse and the field. In the greenhouse Selmmtliospormm 
sativum isolated from the roots of Bouteloua gracilis grown in St. Paul soil, 
Fusarmm sp. isolated from the roots of SorgJiastrum nutans grown in 
Waseca soil, and Blmoctonia solani and PytJmim graminicoltim isolated 
from the roots of crested wheatgrass grown in the agronomy plots at Uni- 
versity Farm were introduced into the soil by distributing bits of mycelium 
on the surface of soil in 4-inch pots at the time of planting. This method 
of inoculation was used in all experiments except where otherwise stated. 

2 The cultures of Pythium graminicolum isolated from infected soil in the agronomy 
plots of University Farm, St. Paul, Minn., produce oogonia readily on eornmeal and potato- 
dextrose agars. When grown in potato-dextrose broth for 4 days and then transferred to 
sterile distilled water, the mycelium produces typically lobed sporangia, vesicles, and zoo- 
spores within 48 to 60 hours. The granular protoplasm passes from the sporangium into a 
vesicle at the end of a slender tube where it differentiates into 50 to 60 swarmsporea per 
vesicle. 
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Three hniidreci seeds each of bromegrass and crested wheatgrass were 
planted in the above soils ; and one planting* was made in steamed soil as a 
cheek. 


TABLE 2 . — Survival of Bromus inermis and Agropyron cristatum in the greenhouse 
in steamed soil inoculated with four fungi 


Organisms 

Number of surviving plants of the two 
grasses^ 

A. cristatum 

B. inermis 

Eelmintliosporium sativum 

0 

29 

Mliisoctonia solani 

' 61 

73 

Fusarium sp 

66 

96 

Pythium Qraminicolum 

0 

38 

None 

72 

116 


a One linndred and fifty seeds of each si^eeies of grass. 


It appears that Relmmihosporkvm sativtim and Pythium grmiinicoliim 
reduced the stands of both grasses about equally. Pre emergence killing 
was the most conspicuous type of injury caused by both. Of the brome 
seedlings that survived in the inoculated soil only a few died after emergence. 

Stakman (6), Christensen (2), and Dosdall (4) reported about 20 years 
ago that Helmiiithospormm sativum could cause seedling blight and root 
rot of grasses. The writer results confirm theirs. Sprague and Atkinson 
(5), and Buchholtz (1) have recently reported seedling blight and root rot 
of grasses caused by Pythium. 

Field tests were next made. Helminthosporium sativum, Rhizootonia 
solani, Pythium graminicolim, and Fusarium sp., isolated from crested 
wheatgrass grown at University Farm, St. Paul, Minn., were used to inocu- 
late crested wheatgrass. The fungi were grown on 70 cc. of a mixture of 
95 per cent sand and 5 per cent cornmeal by volume in 8-oz. jars. One 
hundred seeds of the Fairway strain of crested wheatgrass were mixed with 
each culture ; and the seeds WTre then planted with the inoculated culture 
medium in 2-foot rows, 36 hours after mixing. Five 2-foot rows ^vere 
planted in each of the 3 replicates, making a total of 1500 seeds planted for 
each treatment. Noninoculated steamed sand and cornmeal mixture was 
used for the control plots. The experiment was planted on September 9, 
1941, and the stand count was made on October 25. 

Although the experimental set-up was not such as to permit statistical 
analysis, Helminthosporium sativum reduced stands so consistently and so 
greatly that the results appear significant. Pythium graminicolum and 
Fusarium sp. reduced stands also, but very much less than H. sativum. The 
isolate of BJmoctonia salami used did not cause appreciable damage ; in fact, 
the average stand was somewhat better than that in the check plots, but 
because of variation in replicates it is doubtful if the difference is signifi- 
cant. Table 3 gives the stand counts for each of the replicates and the total 
stand for each treatment as a percentage of the check. 
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TABLE 3. — Stand counts of the Fairway strain of Agropyron cristatum groimi in the 
field in noninociilated soil and in soil inoculated with 4 fungi 


Organism 

Stand count of replicates^ 

Total stand 
counts in per 
cent of check 

a 

b 

1 

c 

Helminthosporium sativum 

6 

4 

11 

6.3 

Bhwoctonia solani 

149 

150 

132 

129.4 

Fusarium sp 

103 

63 

34 

60.2 

Pythium graminicolum 

60 

71 1 

46 

53.2 

None 

109 

66 

158 

100.0 


a Five hundred seeds sown in each replicate. 


In further greenhouse experiments 14 species of grasses were tested 
against one isolate of Pythkm graminieoUim isolated from the roots of 
crested wheatgrass growing at University Farm, St. Paul, Minn. The tests 
were made in steamed soil that had been inoculated with the isolate at the 
time of planting. Check plants were grown in noninoeulated steamed soil. 
Two stand coiints were taken, 19 days and 46 days, respectively, after plant- 
ing. Table 4 gives the stand counts of plants growing in the steamed soil 
and the inoculated soil and shows the amount of post-emergence killing. 
There was severe preeinergence killing of all grasses and many seedlings 
were killed after emergence. 


TABLE 4. — Stand counts of 14 species of grasses groion in noninociilated steamed 
soil and in steamed soil inoculated with Pythium graminicohm in the greenhouse^'' 


Grass 

Noninoeulated soil 

Inoculated soil 

Number of plants surviving 

Number of 
plants surviv- 
ing after 

19 days 

Plants surviv- 
ing after 46 
days expressed 
in percentage 
of check 

After 19 days 

After 46 days 

Agropyron cristatum 

66 

62 1 

11 

4.8 

A. pauciflorum 

46 

40 

28 

42.5 

A. smithii 

45 

50 

16 

1 32.0 

Andropogon furcatus 

21 

15 

3 

6.8 

A. SGoparius 

36 

33 

10 

6.5 

Bouteloua curtipendula 

30 

29 

0 

0.0 

B. gracilis 

31 

27 

0 

0.0 

Buchloe dactyloides 

9 

9 

9 

11.1 

Elymus canadensis 

14 

14 

1 

7.1 

E. junceus 

48 

46 

7 

8.7 

Orysopsis hymenoides 

22 

21 

0 

0.0 

Panicum virgatum 

62 

44 

3 

0.0 

Poa ampla 

47 

4.7 

15 

10.1 

Stipa viridula 

51 

42 

0 

0.0 


a Seventy -five seeds of each species planted. 


EFFECT OF SOIL TEMPERATUBE ON THE PATHOGENICITY OP 
PYTHIUM GRAMINICOLUM 

It was considered possible that soil temperature might influence the patho- 
genicity of Pythium grammicolum. Therefore, seedlings of Agr()f)yron 
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cristatum and Bromus inermis were grown at 7 soil temperatures in steamed 
soil and in steamed soil inoculated with P. graminicolum. The experiment 
was conducted in temperature tanks (3), the seeds being sown in 4-inch pots. 
In half of each pot 25 seeds of B. inermis were planted and in the other half 
25 seeds of A. cristatum. Three isolates of P. graminicolum were tested, 2 
pots of each isolate and 2 pots of noninoculated steamed soil being main- 
tained at each soil temperature. 

In this experiment temperature had no appreciable effect on the patho- 
genicity of any of the isolates (Table 5). Although Bromus inermis ap- 
peared slightly more resistant to isolate 59 than Agropyron cristatum^ the 
.stands of both grasses were markedly reduced by all 3 isolates. 

TABLE 5. — Seedling survival of Bromus inermis and Agropyron cristatum at 7 
temperatures in soil inoculated with 3 isolates of Pythium graminicolum 


Isolate and number of seedlings surviving 18 days after i)lantinga 


Soil temperature 
iu degrees C. _ 

Bromus inermis 

A gropyron cristatum 

\ 27 

1 

50 

59 

cheek 

27 

50 

59 

check 

12.3 

1 

1 

2 

39 

0 

0 

0 

■25 

17.0 

0 

3 

3 

28 

0 

0 

0 

20 

18.0 

0 

2 

3 

33 1 

0 

0 

0 

19 

24.3 

0 

0 

7 

37 

0 

0 

0 

16 

25.6 

0 

0 

1 

36 

0 

0 

0 

15 

28.3 

2 

0 

2 

34 

0 

0 

0 

19 

31.5 

3 

1 

5 

34 1 

0 

0 

1 

21 


a Fifty seeds of each species planted in each treatment. 


SUMMARY 

Melmintliospormm, AUernaria, Fttsarium, Cladosporium, Penicillium 
spp., and many cultures of unknown fungi and bacteria were isolated from 
1,500 seeds of 11 species of grasses. 

Seed treatment with mercuric chloride did not produce significant differ- 
ences in germination, emergence, or seedling vigor when the grasses were 
grown in steamed sand. 

Preliminary pathogenicity tests on water agar, made wdth some fungi 
isolated from the roots of grasses grown in soils from Brookings, S. Dak., 
Waseca, Minn., and St. Paul, Minn., indicated that some organisms from 
each source were pathogenic. 

Helminthosporium sativum^ isolated from roots of BoiUeloua gracilis 
grown in St. Paul soil and from the roots of Agropyron cristatum grown in 
soil obtained from the agronomy plots of University Farm at St. Paul, Minn., 
caused severe preemergence killing, reduction of root development, and 
;stuntmg of A. cristatum and Bromus inermis in the greenhouse. 

Pythium graminicolum, isolated from roots of Agropyron cristatum 
grown in soil obtained from the agronomy plots of University Farm, St. 
Paul, Minn., caused preemergenee killing, reduction of root systems, and 
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stunting in all experiments. Post-emergence killing also was cominoii in 4 
of 14 species of grasses growdng in soil inoculated witli this organism. 

The pathogenicity of Pythium graminicolum on Bromus inermis and 
Agropyron eristatwm was similar at soil temperatures ranging from 12.3° 
to 31.5° C. 

University Farm^ St. Paul^ 

Minnesota. 
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THE EFFECT OP PHOTOPEEIODISM ON THE DEVELOPMENT OP 
BUNT IN TWO SPEING WHEATS 

H. A. Eodenhiser and J. W. Taylor 
(Accepted for publication July 9, 1942) 

INTRODUCTION 

In a recent abstract (4) reference was made to the bunt reaction of Hope 
and Marquis wheats when grown at different day lengths under greenhouse 
conditions. In these experiments, Hope plants, exposed to light (1) con- 
tinuously, (2) 10-11 hours daily, and (3) 8 hours daily, developed 64.1, 17.5, 
and 0.8 per cent smut, respectively. The corresponding percentages for 
Marquis were 32.7, 17.8, and 1.9. These results have a bearing on studies 
concerning the nature of resistance. Further tests, therefore, were made 
to determine the effectiveness of continuous light in changing the bunt 
reaction of a variety known to be resistant under a wide range of field 
conditions. 

METHODS AND EXPERIMENTAL RESULTS 

Seed of the spring wheat variety Canus (C.I.^ 11637) was inoculated with 
chlamydospores of Tilletia levis Kuhn races L-1, L-2, and L-4 and of T. 
tritici (Bjerk.) Wint. races T~l, T-4, T-9, T-10, and T-12. Canus had been 
tested previously for its bunt reaction under a wide range of field conditions 
and found, when spring-sown, to be consistently resistant to all races used in 
this experiment (5). The inoculated seed was germinated and grown to a 
height of approximately 1 inch in soil at 10^ C. and then transplanted to 
greenhouse benches at Arlington Experiment Farm, Arlington, Va. In 1940, 
one block of seedlings, containing duplicate rows of 72 plants per row, and 
in 1941 single rows wnth the same number of plants for each of the races 
listed in table 1, were subjected to continuous light, beginning 2 days after 
transplanting and continuing until noninfected plants were in the soft 
dough stage. Daylight was supplemented from 4 p.m. to 8 a.m. by 100-watt 
Mazda lamps suspended at a distance of approximately 24 inches above the 
plants. The light intensity at the top of the plants during this period was 
approximately 50 ft.-c. Electric fans were used to circulate the air around 
the artificially illuminated plants. This kept the night-air temperature 
within approximately A 3° C. of that in the control series. During the time 
of these tests, the period from sunrise to sunset averaged approximately 11 
hours. A control series of Ganns received no supplementary illumination. 
In 1941 comparable tests were made with the spring variety Ulka (C.I. 
11478), which, under field conditions, is susceptible to all races used in this 
experiment, except T-10. In 1940, this variety was included only in the 
continuous light series. 

It is clear from the results presented in table 1, that a high degree of 
resistance to each of the races was maintained when the plants were exposed 

1 C.I. refers to aeeession number of the Division of Cereal Crops and Diseases. 
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to an ll-liour light period under greenhouse conditions. However, ex- 
posure to continuous light effected a marked lowering of the resistance of 
Canus to certain races. The average percentages of heads smutted by races 
L-1, L~2, and L-4 in the 11-hour day series w^ere 2, 4, and 3, respectively, 
while the corresponding percentages for the continuous light series ivere 
42, 55, and 37. Similar results w^ere obtained with Tilletia iriiici race T--4. 
With this race an average of 4 per cent smut developed with the ll-liour day 
in contrast to 59 per cent in the series with continuous light. It is apparent 
also from the data in table 1 that the effect of continuous light in lowering 
the resistance of Canus is specific only for certain races. For example, with 
T-1, an average of 22 per cent bunt developed in the continuous-light series 
in contrast to the much higher percentages obtained with the races referred 
to above. Furthermore, the prolonged-light treatment w^as relatively in- 
effective in lowering the resistance of Canus to races T-9, T-10, and T-12 
where average percentages of smut in the natural day and continuous light 
series were 1, 1, 0, and 4, 10, and 12, respectively. 

In extensive field tests with Canus and Ulka, the latter variety was com- 
pletely susceptible to all races except T-10 (5). With this exception, it was 
likewise susceptible in the present 11-hour day and continuous-light green- 
house experiments. It is noteworthy from the results in table 1, however, 
that the percentages of smut w^ere slightly higher with all races under the 
latter conditions. Ulka, usually intermediate in its reaction to T-10 under 
field conditions, continued to be so in the 11-hour day greeiiliouse tests, but 


TABLE 1. — 'Reaction of Canus and Vldca to certain races of Tilletia levis and T. 
tritici when grown under two different day lengths in the greenhouse at Arlington, Va,, 
in 1940 and 1941 


Variety 

Race 

of 

smut 

Percentage smut^ 

Average 

1940 

1941 

11-lir. day 
(87) ■ 

24-hr. day 
(59, 58) 

11-lir. day 
(83,87)^ 

24-hr. day 
(47, 47) 

11-hr. day 

24-lir. day 

Canus 

L- 1 

3 

39 

0 

45 

0 

42 


L- 2 

6 

36 

1 

74 

4 

55 


L— 4 

6 

28 

0 

46 

3 

37 


.T-1 

1 

16 

1 

27 

1 

22 


T- 4 

8 

54 

0 

63 

4 

59 


T- 9 

1 

3 

0 

5 1 

1 

4 


T-10 

1 

11 

0 

9 

1 

10 


T-12 

0 

12 

0 

12 

0 

, 12 

Ulka 

L- 1 


100 

80 1 

75 

80 

88 


L- 2 


98 

69 

73 

69 

86 


L- 4 


100 

68 

75 

68 

88 


T- 1 


92 

71 

79 

71 

86 


T- 4 


95 

74 

71 

74 

83 


T- 9 


75 

64 

83 

64 

90 


T-10 


25 

16 

56 

. 16 

41 


T-12 


98 

68 

77 

68 

88 


a Figures in parentlieses indicate numlDer of days from emergence to lieading for 
Ganns (first) and Ulka (second). 
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tlie percentage infection was increased when the variety was grown under 
continiions light, the comparative infection percentages being 16 and 41 , 
respectively. 

In these experiments, differences were observed in the growth types of 
both infected and noninfected plants of Canus and Ulka in the two different 
light conditions. By comparison, the plants under continuous light were 
slightly less vigorous, produced fewer tillers, were approximately 3 inches 
shorter, and headed in a shorter period, than did those in the series without 
supplementary illumination. Data on the rapidity of growth, indicated by 
the relative number of days required for heading, are recorded in parentheses 
in table 1. Because of shortage of greenhouse space in 1940, Ulka was 
omitted in the control series, but in 1941, data were obtained on both Canus 
and Ulka. In 1941, Canus headed 36 days earlier under continuous light 
than in the 12-hour day and Ulka 40 days earlier. As noted in table 1, it 
was the plants grown under the 24-hour day that had the higher percentage 
of bunt. Thus it is evident that at least in these varieties certain races of 
bunt fungi, once established in the host, may keep pace with the growing- 
point even when the culms are elongating at an exceptionally rapid rate. 

The effect of illumination on the reaction of varieties to various smuts 
has been studied by other investigators. Eeed (3) investigated its effect on 
the reaction of oats to Ustilago avenae (Pers.) Jens, and U. levis (Kell, and 
Sw.) Magn. Under artificial illumination, oats headed several days to 4 
weeks in advance of the nonilluminated controls, but, contrary to some of the 
present results with wheat, oats gave no evidence of any change in either 
susceptibility or resistance of the varieties to the races used. Lasser (2) 
reported marked differences in the development of oat plants under various 
conditions of illumination, but no significant variation in the percentages of 
smut was recorded. Similar results were obtained in his tests with spring 
wheat varieties inoculated with Tilletia t7Htici. In preliminary tests, the 
writers have studied the effects of different day lengths on the development 
of Ustilago tritici (Pers.) Post, in the soft red winter wheat variety "Wabash 
(C.1. 11384). The number of days from seeding to heading was 81, 112, and 
122 for continuous light, 11-hour-, and 8-hour-day periods, respectively. The 
percentages of smut infection for the corresponding periods were 67, 74, and 
79, indicating a slight trend, but no very definite relation between rate of 
growth in the host and percentage of loose smut. It seems evident, there- 
fore, that the effect of illumination in changing the host reaction to smuts is 
vspeeific for certain hosts and races of the fungi involved. 

DISCUSSION AND CONCLUSIONS 

It is clear from the results obtained that continuous light has a marked 
effect in lowering the resistance of Canus wheat to certain races of Tilletia 
levis and T, iritici. By controlling the light factor, changes in the general 
vigor of the host plants were effected. It is questionable, however, if any of 
these changes in vigor can be correlated with the breakdown in smut re- 
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sistanee. The reaction of Canus to the races used in the present test has 
previously been studied under a wide range of field conditions. When 
spring-planted, the range in vigor of growth at different stations was even 
greater than that observed under the natural day and under continuous light 
in the greenhouse ; yet, in all of the spring-planted field tests, the variety 
maintained a high degree of resistance. There is evidence also that the re- 
sistance of Canus to some of the races used in the present test can be altered 
without appreciable change in the growth habit of the host. Canus w^as 
inoculated, among other races, with L-1, L-2, L-4, T--4, T-9, and T-10 and 
fall-planted at Pendleton, Oregon, in 1937 and 1938 (5). Although there 
was no appreciable difference in the vigor of growdli of the host in the two 
seasons, it was resistant in 1937 to all races, and, in 1938, intermediate in 
reaction. It is noteworthy that in these same field tests, Canus wns more 
susceptible to T~9 and T-10 than it was in the greenhouse under continuous 
light, indicating that some other factors wore responsible for the change in 
reaction. 

In field tests, low^ percentages of bunt frequently have been obtained in 
what appeared to be rapidly growing plants. It is often assumed that under 
these conditions the bunt fungus grew^ more slowly than the wdieat plant 
and failed to keep pace with the growing point of the shoots. It is evident 
from the present results, howover, that these races of the bunt fungi kept 
pace with the host under exceedingly rapid growing conditions. Possibly 
the rate of growlh of the fungus is conditioned by certain nutritional 
changes in the host some of which are brought about by prolonged exposure 
of the host plants to light (1). 


summary 

Canus and Ulka wheats inoculated with 3 races of Tilletia levis and 5 of 
r. tritici were growm at natural-day and continuous-light conditions in the 
greenhouse at Arlington Farm, Virginia. Under natural-day conditions 
Canus was resistant to all races, while under continuous light a marked 
breakdown in resistance to certain races but not to others was observed. 
Ulka was completely susceptible to all but one race under both day-length 
conditions, and resistance to this one wms low- ered by the long-day treatment. 

Differences in vigor of the host plants in the twn light conditions were 
observed, but none of the changes could be definitely correlated with the 
breakdown in smut resistance. 

The highest percentages of bunt were obtained in plants growing at an 
exceedingly rapid rate. It is suggested that the rate of growth of the bunt 
fungus may be conditioned by certain nutritional changes in the host that 
may have been brought about by prolonged exposure of the host plants to 
light. 

Bureau of Plant Industry Station, 

U. S. Department of Agriculture, 

Beltsville, Md., 
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THE EOLE OF PACKING METHODS IN THE INCEEASE OP 
ANTHEACNOSE OF HONEYDEW MELON FEUITS" 

W. A. Keeutzer and D. P. Glicks 
(Accepted for publication July 14, 1942) 

Antliracnose of cucurbits caused by Collet otrichiim lagenarnmi (Pass.) 
Ell. and Hals, was responsible for a considerable loss in lioneydew melon 
fruits (Cuciimis melo L. var. inodonis Naud.) in the Crowley region of the 
Arkansas Eiver Valley of Colorado during the growing seasons of 1939 and 
1940. A serious problem from the standpoint of the shipper has been the 
increase of infection following packing. Large numbers of clean and appar- 
ently healthy melons became diseased, probably in transit, and, on arrival 
in eastern markets, frequently were either sold as culls because of anthrac- 
nose or rejected because of secondary rotting of the lesions by species of 
Pusarium. 

Ill a preliminary study designed to determine wiiether apparently 
healthy melons were field-infected, 84 such melons Avere selected at random 
in fields in which anthraenose ivas present. These melons failed to develop 
any appreciable amount of anthraenose, even during incubation at high 
humidities and summer temperatures. Therefore, it was suspected that 
certain procedures used during the packing process might have been respon- 
sible for the spread of anthraenose. Shippers moved melons from the field 
by the truckload. A high degree of bruising and mechanical injury invari- 
ably resulted. Each truckload ivas then dumped into a common 2,000-gal. 
ivash tank. The water in such a tank frequently was not replaced for days, 
and even weeks, at a time. Prom here the melons moved on rollers to 
brushes and under an overhead sprinkling system. They were then carried 
on a conveyor belt to the sorters, who first discarded the obviously diseased 
melons and then graded the balance. 

THE EOLE OP WASH WATER AND INJURY IN FRUIT INFECTION 

In order to study the possible role of wash water in initiating new infec- 
tions of injured and uninjured melon fruits, a small-scale laboratory test 
was conducted. Twenty melons showing active anthraenose lesions w^ere 
selected. Each diseased melon was gently turned for 5 minutes in 4 liters 
of cold tap water in a clean, glazed 4-gallon jar. Microscopic examinations 
and cultural tests of the wmter w^ere made after washing 4, 8, 16, and 20 
infected melons. In addition 3 clean melons, each with 3 small scalpel cuts 
and an artificially produced bruise were rinsed in the water at the time of 
each examination. Three melons with similar artificial injuries w^ere rinsed 
in clean tap water as a control. All melons then were held under -wet canvas 

1 Paper No. 151, Scientific Journal Series, Colorado Agrieultural Experiment Station. 

2 Cooperative investigation between the sections of Botany and Plant Pathology and 
Pathology and Bacteriology. 
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at summer room temperatures for 14 days. The results of this study are 
shown in table 1. 


TABLE l.—The role of infested wash water and injury in infection of lioneydew 
melon fruits hy C. lagenarium 


Infestation of wash water 

Infection of healthy melons 

No. of infected 
melons washed 

Total no. of 
anthracnose 
lesions on infected 
melons washed 

Average no. of 
conidia X3er drop 
in wash water 

Growth ill 
culture i^lates 

No. healthy 
melons rinsed 

Total no. melons 
showing infection 

Total no. of 
stabs and bruises 

Total no. 
infections in 
injured areas 

Total no. 
infections in 
uninjured areas 

Control 0 0 - 

4 7 0.5 + 

8 22 2.0 + 

16 53 3.0 -h 

20 76 4.0 4- 

3 0 12 0 0 

3 3 12 9 0 

3 2 12 5 0 

3 2 ■ 12 4 la 

3 3 12 6 0 

a Stem end infection. This appeared to he the result of held injury. 


Table 1 indicates that as few as 4 infected melons were sufficient to infest 
the wash w^ater with conidia of Colletotrichum lagenarium. In addition 
anthracnose developed only at the spots where the melons were injured. 
Further, where conidia were absent, as sho^vn by the control series, no 
anthracnose infection developed even though the melons were injured. 

THE TOXICITY OP CHLORINE TO THE CONIDIA OP COLLETOTRICHUM LAGENARIUM 

Because of the known general disinfectant action of chlorine in water, its 
known fnngicidaP’^’^ and non-residual properties, and its relatively low cost, 
solutions containing varying concentrations of chlorine were prepared from 
calcium hypochloiute. Since 5 minutes wns noted to be the minimum inter- 
val for w^ashing melons at the packing and shipping stations, the first 
problem was to determine the lowest concentration of chlorine sufficient 
to inactivate the conidia of 0. lagenarium within this time period. As a 
preliminary procedure spores of C. lagenarium were taken from pure cul- 
tures of the fungus and suspended in large quantity in a few milliliters 
of sterile wnter. A loopful of this spore suspension was then transferred 
to each of 6 test tubes containing, respectively, 3 ml. of a solution of 10, 40, 
120, 300, 600, and 1,000 parts of chlorine per million parts of water. The 
concentration of chlorine was determined by titration with standard sodium 
thiosulphate solution. After 5-minute treatments the chlorine in each solu- 
tion was inactivated by the addition of an amount of either O.IN or O.OIN 

3 Ark, P. A., and J. T. Barrett. Phytophthoxa rot of asparagus in California. Phy- 

topath. 28: 754r~756. 1938. x/ & j 

4 Baker, Kenneth P., and P. D. Heald. Some problems concerning blue mold in rela- 
tion to cleaning and packing of apples. Phytopath. 22: 879-898. 1932. 

5 Tisdale, W. B., and S. O. Hawkins. Experiments for the control of phoma rot of 
tomatoes. Pla. Agr. Exp, Stat. Bull. 308. 1937. 
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sodium thiosulpliate solution® slightly more than that necessary to react with 
the amount of chlorine originally present. Drops of these solutions were 
then streaked on plates of potato-dextrose agar. The results of this test are 
shown in table 2. 


TABLE 2. — The toxicity of varying concentrations of chlorine to the conidia of 
Colletotrichum lagenarium 


Concentration 
of cblorine 

(p.p.m.) 

No. of conidia 
treated (per 
milliliter of 
suspension^) 

Grrowtli of 
conidia in 
culture 
plates 

Remarks 

10 

33,000 

+ 

Light growth all plates 

40 

98,000 

+ 

Five colonies on one plate only 

120 

188,000 

- 

No growth 

300 

138,000 

- 

No growth 

600 

82,000 

- 

No growth 

1,000 

58,000 


No growth 

Control + tMosulpliate 

83,000 

+ 

Luxuriant growth all plates 

Control 

125,000 

+ 

Luxuriant growth all plates 


a Calculated from counts made witli a ruled counting clianiber. 


Table 2 shows that concentrations greater than 40 parts of chlorine per 
million parts of water were sufficient to kill the conidia of ColletotrmJmm 
lagenarium suspended in water. The excellent growth of the control (un- 
treated) spores and the spores treated with sodium thiosulphate indicated 
that the failure of conidia to develop in any culture plate was directly due 
to the chlorine treatment. 

In a second study to determine the toxicity of varying concentrations 
of chlorine to conidia embedded in lesions on fruits, small pieces of melon 
tissue showing active anthracnose lesions on their surfaces were subjected 
to 5-minute treatments in solutions of varying concentrations of chlorine. 
After treatment each mass of tissue wns carefully rinsed in sterile water. 
Following this a portion of the spore mass within a lesion was removed to a 
sterile water blank in order to obtain a spore suspension. Drops of this 
suspension were then streaked on plates of nutrient agar to determine 
whether the spores had been killed by the treatment. Solutions having 
concentrations of 40, 120, 300, 600, and 1,000 parts of chlorine per million 
parts of water were used in this study. It was found that a sufficient num- 
ber of spores survived the treatments to give growdh on the culture plates 
in all cases. 

THE EFFECT OF CHLORINE TREATMENTS ON HONEYDEW MELONS 

The effects of 5-minute treatments in chlorine solutions of varying con- 
centrations were noted on several crates of firm, clean, ripe honeydew 
melons. Commercial preparations of both sodium and calcium hypochlorite 
were used in obtaining 2 series of chlorine solutions of 200, 1,000, 5,000, and 
10,000 parts of chlorine per million parts of water. After treatment the 

6 American Public HealtR Association. Standard inetliods of water analysis. Eigbtli 
edition. N. Y. 1936. 
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melons were washed in running water, held at a temperature approximating 
that of an iced-refrigerator ear (40° F.) for 7 days, and then at room tem- 
perature for another 14 days. At the end of each time period examinations 
showed that none of the treatments injured the melons. 

SUMMARY 

Preliminary studies regarding the increase of anthracnose of honeydew^ 
melons after harvest indicated that methods used by shippers were at fault. 
Washing both diseased and healthy melons in a common wash tank, coupled 
with rough handling of melons, appeared to be responsible for most of the 
increase in infection after packing. 

Studies showed that as few as 4 diseased melons, when gently rinsed in 4 
liters of water, were sufficient to provide a source of inoculum. When 
apparently healthy melons with artificially induced injuries and bruises 
were rinsed through this infested water, anthracnose developed only at the 
spots where the melons were injured. 

Five-minute treatments in a solution containing 120 parts of chlorine per 
million parts of water proved adequate for the inactivation of the spores of 
Colletotrichim lagenarmm. However, concentrations as high as 1,000 parts 
of chlorine per million parts of water failed to inactivate all of the conidia 
of 0. lagemrium in active anthracnose lesions. Five-minute treatments in 
chlorine solutions with as high a concentration as 10,000 parts of chlorine 
per million parts of water did not injure honeydew melons. 

Colorado State College op Agriculture and Mechanic Arts, 

Fort Collins, Colorado. 



ANTHRACNOSE OP LUPINES^ 

J. L. Weimek 
(A ccepted for publication June 6, 1942) 

INTRODUCTION 

111 March, 1939, small plants of Ltipinus angtistifolms L, were found at 
Quincy, Florida, that were dwarfed and malformed, with some dying or dead. 
Enough plants were affected in certain areas to reduce the stand con- 
siderably. This field had been planted late as part of an experiment and the 
plants were only 4 to 6 inches tall at the time. No such condition was noted 
in earlier plantings and has not been seen since, although no special search 
has been made. The fact that no specimens of plants thus affected or no 
complaints have been received leads the w^riter to believe that the trouble is 
not serious. Nevertheless, the disease is potentially capable of causing much 
damage to seedlings and, since no previous record of the disease on this host 
is known, it seems worthwhile to record here the results of such observations 
and experiments as have been made. 

SYMPTOMS 

It was apparent that the plants in the field usually had been infected in 
the region of the cotyledons or through them. The cotyledons often were in 
the center of a lesion extending a considerable distance above and below them. 
In some cases the stem had been completely severed and the upper part or all 
of the plant killed. Other plants had a crook in the stem just above the 
lesion. Apparently, at one time the disease had partly girdled or greatly 
weakened the stem, so that it was unable to support the part above in its 
normal upright position. Some tops had turned at nearly a right angle to 
the main axis of the stem. Often there was still enough vitality in the stem 
to support growth so that the upper part resumed its original upright posi- 
tion, but left a crook (Fig. 1, A). The surface of the cankered area was 
brown and somewhat sunken. In some eases the surface of the lesion was 
slightly roughened by acervuli that had broken through the epidermis. 

ETIOLOGY 

Isolations were made from several of the plants collected in the field and 
a fungus was obtained in pure culture. When grown on oat agar this fungus 
produces a minimum of mycelium and large ochraceous salmon^-color spore 
masses. The spores are unicellular, hyaline, straight, often taper slightly 
at both ends, and measure 3.5-6.3 x 8.4-18.9 [x (average 4.6 x 13.3 p), which 
is well within the range given by Shear and Wood^ for conidia of Glonierella 

1 Cooperative investigations between the Division of Forage Crops and Diseases, 
Bureau of Plant Industry, United States Department of Agriculture, and the Georgia 
Agricultural Experiment Station, Experiment, Georgia. Paper No. 97, Journal Series, 
Georgia Agricultural Experiment Station. 

2 Bidgway, Eobert. Color standards and color nomenclature. 43 pp., 53 color plates. 
(Washington.) 1912. 

3 Shear, C. L., and Anna K. Wood. Studies of fungus parasites belonging to the 
Genus Glomerella. U. S. Dept. Agr. Bur, PL Ind. Bull. 252: 1-110. 1913. 

■ .249 " 





Phytopathology 


[VoL. 33 


cingulata (Stonem.) Spaulcl. and v. Schrenk. A comparison of this fungus 
with G, cingulata from apple has failed to reveal any differences, either in 
morphology or the rate at which they decay apple fruits, which would seem 
to justify the belief that the lupine fungus is a distinct species. Hence it is 
assigned to G. cingulata. 

Thus far the writer has been able to find only two other reports of 
anthracnose on lupines. Seymour^ lists Glomerella lupinicola Dearness on 
an unidentified species of lupine. Dearness has informed the writer by letter 
that his species has never been published and that it got into Seymour’s list 
through an oversight. A new species of Gloesporium, G. lupinus, has been 
described by Bonder^ in Sao Paulo, Brazil. It is, however, not possible from 
his description to determine whether he had the same species as that reported 
in this paper. 

INOCULATION EXPERIMENTS 

Inoculation experiments, made several times, have shown beyond doubt 
that this fungus is capable of attacking lupine plants and causing symptoms 
similar to those seen in the field plants. In one experiment, set up on Novem- 
ber 24, 1941, seedlings of Lupinus angustifolius were atomized with a sus- 
pension of spores in water and held in a moist chamber for 36 hours. Ten 
days after the inoculations were made the tips of some leaflets and petioles 
were dying and some infection had taken place through the cotyledons. 
Figure 1, B, was made on December 15, 1941. This shows a control plant 
at the left and two plants whose cotyledons were entirely destroyed and the 
stems severed. The leaf at the left has one typical lesion on the second 
leaflet from the right. This lesion resembles those illustrated on L. all) us 
(Fig. 1, C), The disease did not make much headwaj^ in the greenhouse 
other than to continue to spread to a limited extent in the tissue already 
infected. When some of the plants were returned to the humidity chamber 
after a few days in the greenhouse, the disease made rapid progress. It 
appears from this and other experiments that, should dry weather follow an 
infection period, the progress of the fungus would soon be slowed down, and, 
if the plants had not been too severely damaged, they would resume growth 
and many would partially or wholly recover. During a prolonged wet spell, 
rainy or foggy weather sufficient to keep the plants wet, the fungus makes 
rapid headway and plants can be killed in a few days. Under such condi- 
tions the fungus fruits abundantly forming masses of slimy spores on the 
lesions, which supply an abundance of inoculum. These spores, especially 
while suspended in rain water, can be blown about by the wind, or carried 
by man or animals. Under conditions suitable for the fungus, infection 
takes place rapidly in the young leaflets, petioles, cotyledons, and stems. 

In one experiment, spores from a culture were placed against the hypo- 
cotyl of young plants of Lupinus angustifolius just below the surface of the 

4 Seymour, A. B. Host index of the fungi of North America. (Cambridge, Mass.) 
Harvard University Press, p. 419. 1929, 

5 Bonder, G. Treinoco branco e suas molestias. Bol. Agr. Sao Paulo IS- 427-432 

1912. . ■ , ' , ■ ■ * 
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■soil to see whether infection could take place from the fungus in the soil. The 
plants were 10 days old and were growing in pots of sterilized soil in the 
greenhouse. The inoculations were made on October 29, 1941, and final notes 
taken on J anuary 12, 1942. Only 2 plants out of 10 showed infection. These 
had large, dark-brown lesions on the hypoeotyls, and many aeervuli of the 



!Pig. 1. Anthraenose of lupines caused by Glomerella cingulala, A. Three naturally 
infected plants of Lupinus angustifolhis showing crooked stems and cankers at and above 
the cotyledons* The canker is especially conspicuous in the plant at the right, x §. 
B. Two inoculated plants at the right in which the fungus had invaded and decayed the 
cotyledons and passed into the stems, severing them and causing the death of the parts 
of the plants above. At left a large control plant. The second leaflet from the right on 
the leaf at the left of the control has a lesion resembling those on A. alhiis leaves shown 
in C. x|. C. Lesions on leaves of L. alhus restilting froin inociilation are shown on 
the two leaves at right* The lesions often coalesce, involving large areas of the leaflets. 
Control leaf at left, x 
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fungus were present on their surfaces. Plants inoculated on the stems above 
ground failed to become infected. It seems that the steins are rather highly 
resistant to infection, except possibly below ground where seedlings may be 
infected if the soil moisture is rather high. Although this subject has not 
been thoroughly investigated, the experiments conducted suggest that, once 
the old cotyledons have fallen off and the leaflets matured fairly well, no 
serious damage need be expected, unless it be during an extremely long wet 
period. 

That the leaves of Liipinus alMis L. also can become infected was shown in 
an experiment in which a pot of seedlings was atomized with a heav^^ sus- 
pension of spores from a 4-day-old culture. The pot of plants was held in a 
screen house during a rainy period, and was covered by a cardboard carton. 
The inoculations were made on September 26, 1939, and 2 days later there 
were small, slightly sunken, water-soaked spots visible on most of the leaves. 
On the following day the tissue in these spots apparently was dead and 
turning gray. On the under sides of the leaves the lesions w^ere considerably 
darker in color than above, but the exact details were obscured by the 
abundant pubescence. The spots were often up to 1 cm. in diameter, ir- 
regularly rounded, and scattered over the leaflet, but were most numerous 
along the margins (Fig. 1, C), where they were often confluent and had 
killed considerable areas. The upper sides of the lesions showed small 
brownish centers of undetermined origin, but assumed to be areas where the 
fungus hyphae were concentrated for the formation of acervuli. As the spots 
aged, the color darkened slightly, approaching straw color and having a 
narrow border of mummy brown (Eidgway) adjacent to the healthy tissue. 
The most severely injured plants were correspondingly retarded in growth. 
Unfolding terminal leaves were entirely killed. For the most part new buds 
were formed and growth eventually was resumed. Plants of L. hiteus L. 
inoculated at the same tihie failed to show any infection. 

These experiments indicate that anthracnose can be destructive both on 
Lupmus angustifolnis and L. alius under high humidity and fairly high 
temperature conditions, especially in the seedling stage when leaves, petioles, 
cotyledons, and even the hypocotyls may be attacked directly and the stems 
be invaded by passage of the fungus into them from the adjacent more 
susceptible parts. 

SUMMARY 

An anthracnose of lupines not previously reported in this country is 
described. A comparison with Qlomerella cingulaia from apple showed that 
the fungus from lupine was morphologically the same and hence it was con- 
sidered to be that species. The fungus attacks Lupinus angustifolnis in the 
seedling stage under high humidity conditions. Young leaflets, petioles, 
stems, and cotyledons are susceptible. The underground portion of the 
hypoeotyl may be attacked, but the main stem is seldom invaded, except at 
the apex or through the cotyledons or branches. Leaves of X. alius were 
infected and severely injured. In the single test made, L. hiteus was not 
infected. 



EBACTION OF STRAINS AND VARIETIES OP BARLEY TO 
MANY PHYSIOLOGIC RACES OP STEM RUST"-^ 


F. E. IMMEE, J. J. Cheistensen, ane W. Q. Loegeeing 
(Accepted for publication September 22, 1942) 

Eeid^ found a high correlation between the reaction of barley to a com- 
posite group of races of Puccinia graminis tritici Eriks, and Henn. in the 
adult plant stage and to race 56 in the seedling stage. Brookins'^ demon- 
strated that in crosses involving Peatland, reaction to races 19, 36, and 56 
in the seedling stage was determined by the same factor pair that condi- 
tioned reaction to a large collection of races in the adult stage. 

Since attempts are being made to develop a desirable agronomic variety 
of barley resistant to stem rust, it would be of considerable help in the 
breeding program if the reaction to stem rust, especially to many physiologic 
races, in seedling stages could be used as a criterion of resistance in the 
adult stage. Consequently, such a study was made with 20 physiologic 
races of stem rust. 

MATERIALS AND METHODS 

In this study w^ere used two rust-resistant varieties, Peatland, C.I. 452, 
and Chevron, C.I. 1111; two susceptible varieties, Barbless, C.I. 5105, and 
Minnesota 462 ; and 20 hybrid strains. Nine of these strains came from a 
cross of Minnesota 462 x Peatland, and 11 from Barbless x Peatland. All 
these lines had proved to be resistant when grown in rod rows and tested 
against a composite of many races of stem rust in the field. 

The 24 varieties and strains of barley w^ere tested for seedling reaction 
to 19 races of Puccinia graminis Mtici and one collection of P. g7mmnis 
secalis Eriks, and Henn. in the greenhouse in 1940 and 1941. The follow- 
ing races of P. graminis tritici were used: 10, 14, 15, 17, 19, 21, 24, 29, 34, 
40, 48, 49, 53, 55, 56, 59, 97, 139, and 147 ; these were furnished by the 
Division of Plant Disease Control of the Bureau of Entomology and Plant 
Quarantine, United States Department of Agriculture, and the Division of 
Plant Pathology and Botany of the Minnesota Agricultural Experiment 
Station. 

Seed of each variety or strain was planted in 4-iii. flowerpots and inocu- 
lated with a single race of rust. The reaction of each variety or strain to 

1 Published as Scientific Journal Series Paper jSTo. 2014 of the Minnesota Agricultural 
Experiment Station. 

2 Cooperative investigations between tlie Minnesota Agricultural Experiment Station 
and the Division of Plant Disease Control, Bureau of Entomology and Plant Quarantine, 
IT. S. Department of Agriculture. 

sEeid, D. A. A study of the inheritance of seedling and mature plant reaction to 
Puccinia graminis tritici in a cross of Wisconsin 38 x Peatland barley. M.S. thesis. Uni- 
versity of Minnesota. 1938. 

4 Brookins, W. W. Linkage relations of the factors determining reactions to stem 
rust in barley. Ph.D. thesis. University of Minnesota. 1940, 

■■ 253. .. 
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each of the races of rust was recorded in the manner described by Stakman 
and Levine.^ 

EXPERIMENTAL RESULTS 

The two varieties, Barbless and Minn. 462, susceptible to collections of 
many races of stem rust in the mature plant stage in the field, also were 
susceptible to all races in the seedling stage. The 22 varieties and strains 
of barley, resistant in the field, were resistant to 18 of the 19 races in the 
seedling stage. Seedlings of all varieties and strains of barley were sus- 
ceptible to physiologic race 29. This particular collection of race 29 was 
obtained from aecia on barberry. 

In order to determine the reaction of adult plants to race 29, rusted 
seedlings from a number of hybrid lines were allowed to grow and then were 
reinoculated at heading time in the spring of 1941. Although the rust reac- 
tions were obtained for only 6 hybrid strains in the adult stage, all the 
plants of these hybrids were again susceptible. 

All varieties and strains of barley were resistant to the one collection 
of Pitccinia graminis secalis to which they were tested. 

These results indicate that the varieties of barley susceptible in the seed- 
ling stage to certain races of rust also are susceptible in the adult stage. 
The reaction in the adult stage and seedling stage was the same for all races 
tested, indicating that the reaction is of a physiologic nature. 

SUMMARY 

Two varieties of barley, normally susceptible to stem rust under field 
conditions, and two varieties and 20 hybrids, normally resistant in the field, 
were tested in the seedling stage for reaction to 19 physiologic races of 
Puccinia graminis tritici and one collection of P. graminis secalis. 

The varieties and hybrids that were resistant in the field proved resistant 
to all physiologic races of Puccinia graminis tritici, except race 29, in the 
seedling stage, and were resistant also to the collection of P. graminis secalis. 
The two varieties susceptible in the field were susceptible to all races of P. 
graminis tritici in the seedling stage but resistant to the collection of P. 
graminis secalis. 

All varieties and strains of barley tested were susceptible to race 29 in 
the seedling stage. Six of these strains were tested in the adult stage and 
found to be susceptible. 

Seedling reaction to rust can be used to eliminate lines of barley which 
are susceptible in the adult stage. 

University Farm, St. Paul, Minn. 

5 Stakman, E. C., and M. N. Levine. The determination of biologic forms of Puccinia 
graminis on Triticmi B])^. Minn. Agr. Exp. Stat. Bull. 8. 1922. 


PHYTOPATHOLOGICAL NOTES 

A Disease of Ap2)le Grafts and Layers Caused ly a BJikoctoiiia . — 
A disease of iiiidergromid portions of stems of apple nursery trees has 
been causing considerable loss in the experimental nursery at the Maryland 
Agricultural Experiment Station at College Park, Maryland. The methods 
used there for propagating apple trees on their own roots are : 1, Planting 
grafts in a furrow and drawing the soil to the young shoots as they grow, 
thus producing etiolated shoots that readily strike root ; 2, pinning down in 
a furrow and covering with soil the tops of 2-year-old nursery trees and 
drawing the soil to the young shoots as they emerge from the buried tops, thus 
providing etiolated stems that readily form roots. Either the graft or the 
layer method of owm-root propagation has the disadvantage, from the disease 
standpoint, of exposing young shoots that have the characteristics of 
herbaceous material to the attack of soil fungi of the damping-off type. In 
1936, some losses occurred in the experimental apple nursery. In 1937 
nearly all of a block of 10,000 grafted plants w^ere killed, and in the layered 
plants there was a loss of about 10 per cent. In 1938, nearly 12,000 grafted 
plants were killed. 

A similar disease has been causing some loss on apple seedlings (Pig. 1, C) 
at the U. S. Bureau of Plant Industry Station, Beltsville, Maryland. In 
certain places in the nursery, where conditions were favorable and the 
pathogen was present, a large percentage of the young seedlings were killed 
when 2 to 4 inches high. 

The disease first becomes manifest as definite and distinct lesions on the 
young underground stem of a graft or layer. These lesions may advance 
very rapidly and soon girdle the stem, giving a dam|)ing-off effect (Pig. 1). 
In less severe eases the lesions may advance more slowly, and the shoot may 
grow to be a foot or more high before it is girdled and dies. Many times, 
especially when conditions are not favorable for infection, a large number of 
lesions occur on the underground stems ; but they heal, and the next year the 
scars from healed lesions are very characteristic (Pig. 1, A, B). Another 
symptom usually present is the adherence of fungus filaments with emneshed 
particles of soil to the leaves and stems (Pig. 1, A), in contact with the soil, 
thus producing a cobweb-like effect. This symptom is similar to that of a 
related disease on holly cuttings.^ 

Some apple varieties are much more susceptible than others ; but more 
work must be done before attempting to list varieties in the order of their 
susceptibility or resistance. It Avas observed, however, that LT.S.D.A. clone 
No. 227^ showed fewer and smaller lesions the second year after inoculation 
of layer shoots than did any other of a number of clones or varieties. 

When losses showed up in June, 1938, the writers began searching for the 
cause of the trouble. No reference to such a disturbance on grafts or layers 

1 Cooley, J. S. Defoliation of American holly cuttings by Eliizoetonia. Pliytopatli. 
32 : 905 - 909 . 1942 . 

2 This clone was introduced by Guy E. Yerkes for use as an understock. 
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has been found in the literature. E. A. Siegler,^ over a period of years since 
1920, made observations and isolations from lesions on roots of apple and 
peach seedlings. He consistently isolated a species of Rhizoctonia from 
affected plants and has repeatedly observed sclerotia of Rhizoctonia on apple 
seedlings from commercial apple seedling nurseries. J. Perlberger‘^ reported 
apple and other nursery trees of deciduous fruits affected with Bhkoctonia 
'hataticola (Taub.) Butler group B. The disease, he says, sometimes 
destroys up to 60 per cent of the ^mung trees in Palestine. 

Prom the margin of dead and living tissue of active lesions of affected 
apple plants the writers have consistently isolated a species of Ehizoctonia:^ 

Flasks of sterilized oats inoculated with this fungus were used in the 
field as inoculum on young layer shoots. When this inoculum was placed 
underground around young layer shoots severe infection took place. Lesions 
were produced that were similar to those from which the inoculum was taken 
and a fungus apparently identical with the original inoculum was reisolated. 
In some cases where the conditions were favorable for infection, all the 
shoots in plots of 20 or more were completely killed, while the noninoculated 
checks in the rest of the nursery row showed no injury or only a trace. 

An experiment looking to the control of this disease on grafts and seed- 
lings in the nursery was carried out during the summer of 1940. Copper 
oxide dust in several concentrations diluted with tale, and also Bordeaux 
mixture and other fungicides were applied in the nursery on inoculated soil 
just prior to drawing the soil to the trees. The results of this work were 
inconclusive because conditions did not favor severe infection after the 
experiment was begun. The percentage of infections on the inoculated, and 
untreated plots was so low that no conclusion could be drawn as to the effec- 
tiveness of any of the treatments. — J. S. Cooley and P. B. Lincoln, Bureau 
of Plant Industry Station, Beltsville, Maryland and University of Maryland, 
College Park, Maryland. 

A New Parasite of Tomatoes. — During the early fall of 1942, County 
Agent Kirk at Casper, Wyoming, sent in a few specimens of tomatoes with 
an infection, later identified as broom-rape, {OroTanclie kidovieiana Nutt.). 

The grower of these tomatoes, J. K. Kear, living near Casper, reported 
that this parasite was present on 50 plants out of 700 plants in one lot of 
the variety, 10~ton Rutger. Some of the infected plants were stunted while 
others were not and the tomato yield was light. 

This was the first crop to be grown on the land since it had been 
reclaimed from native sod. No doubt the parasite had been active on sage- 
brush and possibly on other perennials where it is commonly found. How- 

3 xjnpublislied notes. 

4 Perlberger, J. BUsoctonia hataticola (Taab.) Butler, in deciduous fruit-tree nur- 
series in Palestine. Palest, J. Bot. Hoi’t. Sei. 1: 37-51. 1937. (Hebrew) abs. B. A. M. 
Vol. 16, Part 10, October, 1937, jpp. 683, 684 Kew. 

5 A culture of this fungus was sent to Ernest Wright, who is making a study of forest- 
tree seedling diseases. He gave the opinion that the fungus is BM^oetonia 
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ever, it is of significance that Orohanche was found on an annual plant 
rather than on a perennial one, and it is thought to be novel in that respect. 



Fig. 1. Tomato plant with its broom-rape parasite. 

The accompanying: cut shows the relative size of the parasite and its point of 
attachment. — G. H. Starr, 'Wyoming* Agrieiiltiiral Experiment Station, 
Laramie, Wyoming. 

Two Hems of Pathological History from California . — Evidence has been 
found in California agrieiiltnral literature to indicate considerably earlier 
dates for certain events of importance in plant patholog.y, than those ascribed 
to them in a recently published text book.^ One of these relates to the use 
of copper as a fungicide. 

^^The use of copper salts as fungicides was first made popular in 1873, when copper 
sulphate solution was used to disinfect wheat seed carrying the bunt organism.’ ’ 

(Melhus and Kent, p. 99). Early volumes of Trans. Cal. State Agr. Sac, 
contain many references to treatment of seed wheat with bluestone to prevent 

1 Melhus, Irving E., and George C. Kent. Elements of Plant Pathology. Macmillan 
Company (N. Y.). 493 pages. 1939. 
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smut, as, for instance, the article in volume 1 (1858), whicli includes (p. 
343) the following statement from M. ‘Walthall, Jr. of Stockton. 

''Seed wheat I wash in clear water, if there be smut in it, and soak it in very 
strong blue stone water — say one pound to eight gallons — about twenty minutes, and 
then roll it in fresh slaked lime, and sack it for use. ’ ’ 

The short-lived California Culturist (1858—1861) also contains iiiany^ refer- 
ences to the copper sulphate treatment, including (Vol. 1, p. 350, 1858) an 
account of an experiment in which the efficacy of the method was convinc- 
ingly demonstrated. In an address at the State Fair of 1860, John Bidwell 
of Chico, one of California’s most reliable early observers, stated {Transac- 
hons, 1860, p. 325) that he had been familiar with grain growing in the 
Sacramento Valley since 1841, and that smut (bunt) first appeared there 
suddenly in 1854 in a field sown with Australian seed. He endorsed the 
bluestone treatment, which, by 1860, was apparently almost universal with 
California wheat farmers. In 1867 a San Francisco firm made the state- 
ment {Transactions, 1867, p. 217) 

"During the years 1853, 1854, 1855 and 1856 our grain was badly injured by smut, 
wliieli the use of blue vitriol lias remedied. ’ ’ 

Kegarding peach leaf curl, Melhus and Kent state, page 298, 

"The pathogen, (Taphrina deformans) probably was introduced into the United 
States in the early Eighties of the last century. ^ ’ 

No reference to the source of this information is given, but one wonders if 
it may’' have originated in the statement by Owens,^ p. 262, 

' ' The writer has been unable to find any mention of this disease in the American literature 
prior to 1883.^^ 

Many early American books on fruit growing, like Downing’s ‘^Fruits and 
Fruit Trees of America” (1845), describe peach leaf curl. In California 
Harkness'^ states, ^'I first observed this in the State in 1855.” From 1858 
on, the disease was a very’’ common subject of discussion in the horticultural 
press of California, the natural inference being that the pathogen had been 
introduced into the State on some of the first peach nursery trees, which were 
brought in about 1850, and frequently thereafter. The Transactions for 
1860 (p. 283) contained an essay on the subject of curl leaf which concludes, 

"It is caused by the sudden change of the atmosphere from heat to cold while the foliage 
is in young and tender state of growth. As curl is caused by the action of the atmosphere, 
and that being governed by the Creator, I believe it to be a matter of impossibility for 
man to prevent the ravages of curl, to any gi'eat extent. ’ ^ 

Harkness,^ in a later article, made the dubious suggestion that P. deformans 
is identical with an indigenous fungus now called T. Aesculi (E. and E.) 

2 Owens, Chas. E. Principles of Plant Pathology. John Wiley and Sons, Inc. 
(N. Y.). 629 pages. 1928. 

3 Harkness, H. W. Fungi injurious to fruit trees. Rpt. California State Bd. Hort. 
Commsrs. ISBS: 51-59. 1883. 

4 Harkness, H, W. The curled leaf. Zoe, 1: 87-88. 1890. 
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Giesenhagen, on California buckeye. A different light on the history of 
peach leaf curl in California is thrown by a statement by John T. Strentzel,® 
one of the State’s most respected early horticulturists, w^ho arrived in 1850 
and took a special and very intelligent interest in fungus diseases. 

^ ^ In California, previous to tlie year 1852, a few peaeli trees were found about tbe Missions, 
around Los Angeles, the fruit of small sisse, white or yellow, globular, with a deep suture, 
the trees hadly affected mith curl leaf.^^ (The italic is ours). Later, wiien budded 
trees, imported trees, began to be plenty, their vigorous growth and luxuriant foliage 
were characteristics distinguishing them from the so-called Mission peach. A few years 
later the curl began to appear also on budded trees. ^ ’ 

It would be interesting to know the history of this disease in Mexico, occupied 
by Spanish settlers for 250 years before colonizing Alta California. It is 
commonly assumed that their fruit trees (except the fig, olive and vine) 
were all seedlings, but it may not have been impossible for them to have 
transported living trees on occasion. C. W. Reed of Yolo County (Transac- 
tions^ 1867, p. 231) in 1856, ‘‘imported about eighty thousand trees, mostly 
grafted,” and that was more than ten years before the opening of the trans- 
continental railroad. — ^Ralph E. Smith, Division of Plant Pathology, Uni- 
versity of California, Berkeley, 

sStrentzel, John T. The peach tree and its diseases. Pacific Bural Press 2,0: 182. 
1880. 



TWO SPECIES OP PYTHIUM OCCUERING IN 
SOUTHERN STATES 

CharlesDreghsler 
(A ccejited for publication July 18, 1942) 

111 several recent papers (19, 20, 21, 22) supplementary diseussioii and 
illustrations have been supplied for 11 of the 15 species of Pythium that I 
presented as new in diagnoses published 12 years ago (14). Siiniiar treat- 
ment is accorded herein to P. myrioiylum, one of the remaining 4 species, 
which occurs in some southern States as a parasite on economic plants. In 
addition, another fungus, likewise of southern origin, though not intimately 
akin to P. myriotylum/ is described as a new member of the same genus. 
For facility of comparison all figures relating to the formation of oospores 
in both fungi are given at the same magnification (?'.e., x 1000) used for such 
illustrations in previous accounts; and similar magnification is employed 
for illustrations showing early stages in the germination of oospores. Ow- 
ing to limitations of space, the figures pertaining to asexual reproduction by 
sporangia of ni^^celial origin are again given at half this magnification (Le., 

X 500), as are also the equally rangy figures showing zoosporangia produced 
in the later stages of oospore germination. The smaller scale of magnifica- 
tion applies no less advantageously to the drawings of the rangy branching 
clusters of appressoria in P. myriotykim. The elaborate intrication of 
hyphae, often observable when either of the 2 fungi is encountered by any 
one of several other ooinycetes associated with root rot, also pertains to the 
vegetative stage ; but as it entails frequently a complicated arrangement of 
parts, the larger scale of magnification has appeared generally preferable for 
the drawings relating to antagonistic or parasitic action in dual cultures. 

PYTHIUM MYRIOTYLUM 

In May, 1924, the late Dr. W. A. Orton, then in charge of investigationB 
on truck crop diseases in the Bureau of Plant Industry, submitted to me a 
tomato (Lycopersicon esculenhim Mill.) plant from South Carolina, with 
instructions to isolate from its discolored rootlets wdiatever parasitic fungi 
might be present in them. Among the several ooinycetes obtained in pure 
culture from the affected material was a species of Pythium^ which, except 
for its less massive development of sporangial lobules and its much readier 
production of zoospores in irrigated agar preparations, strongly resernblecl 
an allied form that I had often isolated from discolored roots of maize (.^ca 
mays L.). The same species ot Pythmm ■wd.s recognized the next month in 
a culture derived from a decaying eiieumher (Cyiieuniis saiwus L.) fruit 
select'^d in Philadelphia as being illustrative of damage observed in a car- 
load lot of cucumbers shipped from South Carolina. When the fungus was. 
introduced by wound inoculation into sound marketable cucuiu])ers, a ra.f>i<l 
wmtery decay resulted, much like the cottony leak’’ att!‘ibutal)}e to P.. 

9«1 
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Pig. 1. A. Three cucumbers (a, bj c) infected with Pythhm myriotylum; photo- 
graphed 5 days after inoculation of specimen e was accomplished by placing on its unin- 
jured epidermis a sizable slab taken from a young maize-meal-agar plate culture of the 
fungus, and then incubating in a damp chamber at 28° C. The parasite during the period 
of incubation spontaneously invaded the neighboring specimens a and b; about x i 
B. Two specimens of pattypan squash (a, b), each inoculated with P. mynotyhim through 
an incision at the dower scarp extensive infection of the older and harder specimen (a) is 
shown only in a water-soaked area reaching nearly to the scalloped margin; the younger 
and tenderer specimen (h), invaded throughout, has become clothed in aerial mycelium: 
about X ,, ' 
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hutleri Subr. For that matter, wounding was found unnecessaiy for siic- 
eessful infection. Under humid eonditioiis and at fairly high temperatures 
(25 to 35° C.) mere application of sizable slabs of agar medium, newly per- 
meated Avith mycelium, to uninjured epidermis consistently led to watery 
decay of the vegetable, and to its envelopment in abundant cottony mycelium 
(Fig. 1, A, a, b, c), which, on encountering adjacent cucumbers, caused their 
destruction in turn. Although this strong tendency toward aerial parasit- 
ism on cucumbers had been found alien to the maize-root fungus (9) its 
recognition as a physiological feature regularly associated with less pro- 
nounced sporangial lobulation and readier zoospore development reciuired 
confirmation in additional cultures of separate origin. 

Eleven such cultures, among a larger number referable to Pythium 
Initleri and P. acantkimm DreehsL, Avere isolated early in June, 1925, from 
separate watermelon {Citrullus vulgaris Schrad.) fruits found partly de- 
stroyed by blossom-end rot in fields near Leesburg and Bradenton, Florida, 
and Thomasville, Georgia. A f cav Aveeks later 5 other cultures of the fungus 
under consideration Avere isolated from separate eggplant (Solanum melon- 
gema L.) fruits found damaged in fields near Bradenton by a ground rot 
closely resembling the ‘‘cottony leak^’ in the 18 similar specimens A^’'hich 
yielded the cultures of P. huileri that, in a report (10) published at the 
time, AA^’ere referred to P, aplianklermatiim (Eds.) Fitzp. Under AA'arm, 
humid conditions, introduction of the fungus into AAmtermeloii and eggplant 
fruits by wound inoculation ahvays eAmntuated in Avatery decay of these 
A^egetable products. The uninjured epidermis of both these fruits proAuu! 
resistant to invasion, though in a feAA' instances blossom-end infection, quite 
similar to spontaneous infection, resulted AA^hen a slab of agar medium ncAvly 
permeated Avith mycelium AA^as applied to the floAver sear for 2 or 3 days. 
Eggplant fruits iiiA^aded by the fungus, AAdiether from artificial inoculation 
or spontaneous infection, often afforded a copious groAAdh of aerial myce- 
lium (Fig. 2, A, B), but infected Avatermelons, Avith their hard rind of 
strongly indurated tissues, permitted no external development of the para- 
site. When slabs of agar medium, ncAvly permeated AAuth mycelium derived 
from any of the 16 cultures isolated from watermelon and eggplant fruits, 
Avere applied to uninjured cucumbers, Avatery decay promptly ensued, with 
abundant production of cottony aerial mycelium ; and the aerial myeelium, 
on reaching other uninjured cucumbers, AA^'orild closely invest them, penetrate 
into them, and thus destroy them in turn. In Yiew of their capacity for 
aerial parasitism, as Avell as of their rather moderate sporangial lobulation 
and their ready production of zoospores in irrigated agar preparations, these 
16 cultures, while generally resembling the maize parasite, differed from it 
in the same particulars as the 2 cultures previously isolated from material 
originating in South Carolina. The 18 cultures, therefore, AA^ere considered 
to belong to a separate species, Avhich, in 1930, 1 described under the binomial 
P, my riotyhmi^ 2 jesiTB difier I had presented the maize parasite as P. 
arrhenomanes (12), 
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Tims at the time of its description Pythmm myriotylum had become 
known to me as a root-rotting parasite only throngh a single enconiiter. 
Later, in 1931, I recognized the species in a number of cultures received 
from S. C. J. Jochems of the Deli Proefstation at Medan, Sumatra, where 
they had been isolated in connection with studies on a serious foot rot most 


Pig. 2. Two eggplant fruits (A and B) infected with JPythium myriotylum; photo- 
graphed 5 days after each had been inoculated by introducing the fungus into an incision 

at the stylar sear; incubated in a damp chamber at 28° C. 5 about X i. 

often attacking tobacco {Ntcoticind tahctcuM L.) seedlings newly trans- 
planted from seedbed to field. In an extended account, published in 1927, 
Jochems (25) had given a full description of the disease in question, de- 
nominating it as ^'parasitaire Stengelverbranding^’ or ‘‘parasitic stem- 
burn,’’ and had indicated as causal organisms 4 unidentified species of 
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Pijthium, whieh he designated provisionally by the letters A, B, C, B, though 
holding that P. delaryanum Hesse and P. aphanidermatum were probably 
included among them. Somewhat earlier, to be sure, in a list of plant dis- 
eases and pests attacking cultivated plants in the Dutch East Indies (23), 
responsibility for causation of ^'Stengelverbranding’’ was attributed to 
species of Pythium cited under the 4 binomials P. deharyammi, P. lutleri, 
P. polyandrum, and P. nicoUanae. Descriptions applicable to the latter 2 
binomials have never been supplied. However, in 1934, Meurs (27) made 
known that the fungus cited by van Hall (23) in 1925 as P. wdrimi was 
the same as P. myriotylum^ which species, together with 2 congeneric forms, 
he had discovered in scores of cultures isolated by him from diseased tissues 
of tobacco plants found affected with stembiirn in Sumatra during the 
period from 1929 to 1932. With respect to the nomenclature of the para- 
site, Meurs dismissed van Hall’s binomial from consideration as a nomen 
nudum. In the meantime, incidentally, the specific component of that 
binomial — or rather an orthographic variant not considered different accord- 
ing to established rules of botanical nomenclature (3, p. 22, Art. 70, Note 4) 
— ^had been applied by Sideris (32) to a closely related and unquestionably 
congeneric fungus which he described as new under the binomial Nemato- 
sporangium polyandron, but which Bands and Dopp (30) have subsequently 
found referable to P. arrhenomanes. 

Further indication that Pythium myriotylum occurs in affected vegeta- 
tive parts of crop plants wms provided when the fungus came to light in one 
of 3 pure cultures submitted to me for identification in March, 1940, by Dr. 
M. N. Walker of the Watermelon and Ornamental Field Laboratory at Lees- 
burg, Fla., where they had been isolated from watermelon seedlings (35). 
Eecently, too, the parasite has been reported unambiguously by additional 
observers in foreign lands. In 1936 Park (29) noted its occurrenee as the 
cause of a soft rot affecting ginger (Zingiher offimnale Rose.) imported from 
India and planted in. Ceylon. Subsequently IJppal (33) stated that the 
fungus causing soft rot of ginger in Surat had been determined to be P. 
myriotylum. According to Wager (34) P. myriotylum^ together with 2 
congeneric forms, was isolated once from papaw (Carica papaya L.) plants 
affected with '^foot rot” in South Africa. Though a species of Pythdum^ 
isolated in Sierra Leone from garden bean {Phaseolus vulgaris L.) plants 
affected with wilt, was determined only rather indefinitely as being near P. 
myriotyhim, Deighton’s account (7) of the manner in wdiieh under moist 
conditions its woolly inyceliiun soon covered the stems of infected plants and 
then spread over the ground to attack other seedlings in its path, very aptly 
describes the growth habit of P. myriotylum. 

That P^f/twm myriotylum may really have been the species encountered 
by Deighton appears the more likely from its aggressive parasitism on snap 
beans under experimental conditions (Bhg. 3, A, B). Such parasitism on 
the uninjured immature edible pods of garden beans was reported in 1927 
by Harter and Whitney (24), who found the fungus capable of bringing 
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^ Pig. 3. String beans showing progressive attack by FytMum myriotylum, after a 
sizable slab of maizo-meal-agar medium, permeated with mycelium, had been placed on 
the imin^ured pods in the center of the dish. A. Photographed after incubation at 28"= C. 
ion ? material photographed 2 days later, that is, after incubation at 

28^ for 5 days; about X i. 
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about a decay of tins vegetable product very similar to the nesting’^ caused 
spontaneously in transit by the congeneric P. hutleri, designated by tlieni 
as P. aphanidermatum. Like cottony leak of cucumbers, tlie decay of bulked 
snap beans caused by P. myriotylum is accompanied by production of pro- 
fuse cottony mycelium. Profuse aerial mycelium is usually produced also 
in the destruction of summer squashes {Ciicurlita pepo L.) under moist 
conditions, following artificial inoculation with the fungus ; the larger, older, 
and somewhat harder specimens of this vegetable (Fig. 1, B, a) permitting 
such production less promptly than younger and tenderer specimens (Pig. 
1, B, b). Wound inoculation of the parasite into muskmelons {Cucumis 
melo L.) and Cassaba melons (C. melo var. inodorus Naudin) ordinarily 
leads to no conspicuous cottony development externally, though the flesh 
within the hard rind often becomes extensively permeated with mycelium, 
and, though aerial mycelium often is produced within the central cavity. 

In pure culture, especially at rather high temperatures, Pyikium my- 
riotylum extends its mycelium more rapidly than most allied forms. Ac- 
cordingly, it must be reckoned, together with such familiar pathogenic 
species as P. idtimum and P. hutleri, among the fastest-growing of fungi. 
Further similarity to the 2 species mentioned is apparent not only in the 
somew^hat coarse texture of its mycelium, but also in the disorderly arrange- 
ment and promiscuous ramification of its mycelial filaments. On maize- 
meal-agar media, or on other media not rich in nutrients, aerial myeelium 
may be produced in only small quantity, particularly if the overlying or 
surrounding air is deficient in moisture. However, if a humid atmosphere 
is maintained in a Petri dish containing a plate culture prepared with a 
medium rich in nutrients as, for example, Lima-bean agar, the dish often 
becomes completely filled with aerial mycelium of such density and fixminess 
that the basal part of the container may be held uj) loosely suspended 
from the lid. 

Microscopic examination of the under side of a Petri-dish culture pre- 
pared with maize-meal agar, usually shows everywhere a generous seatteririg 
of knob-like appressoria in contact with the glass floor. When thus pro- 
duced at the interface of agar medium and glass, these organs coinnionly 
measure about 7 or 8 g in diameter, and consist of swollen terminations on 
rather short lateral branches, though their development as lateral protuber- 
ances on longer hyphal elements is not infrequent (Pig. 4, A, B). With 
respect to the abundance of such intramatrical appressoria, P. myriotylum 
appears comparable to P. 'butleri daid other strongly parasitic members of 
the genus. However, with respect to the abundance of its production of 
appressoria on the surface of solid objects encountered by its aerial myee- 
lium, the fungus is unrivalled by. any congeneric form known to me. In 
Petri-dish cultures with copious aerial development the ceiling of the con- 
tainer often is beset everywhere with dense clusters of appressoria b<)rne on 
systems of closely ramifying branches (Pig. 4, C, D). The adhesive organs 
formed here usually measure from 8 to 11 p in diameter, and thus are notice- 
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abl}" larger than the homologous organs produced under the medium. Un- 
questionably the abundant development of aerial appressoria by the fungus 
is related to its capacity to operate as an aerial parasite in the causation of 
such trouble in bulked vegetables as cottony leak or nesting. 

When grown in plate cultures on maize-meal agar or Lima-bean agar, 
Pijthiiim myriotylum often produces, especially in areas where the surface 
of the medium is moist with water of condensation, more or less branched 
systems of sw^ollen digitate elements (Fig. 4, E, P; Fig. 5, A). Like the 
homologous, though usually more extensive, ramifying complexes produced 
under similar conditions by P. and P. complens Fischer (= P. torn- 

losum Coker and Patterson), these branched systems, on being bathed in fresh 
•water, give rise to evacuation tubes and undergo transformation into zoospo- 
rangia; the smaller systems usually being converted into single zoospo- 
rangia, the more extensive ones into plural zoosporangia. Development of 
swullen branches takes place in some measure also 'when young undhfer- 
entiated mycelium is supplied with fresh w^ater under conditions suitable 
for prompt production of zoospores; noticeably swollen elements being 
formed when, for example, small pieces of a newly invaded watermelon or 
cucumber, or small slabs excised from a young Lima-bean agar culture, are 
transferred to a shallow^ layer of 'water. Though some of the sporangia 
partitioned off as separate reproductive units in such a preparation may 
include perhaps a dozen swollen branches (Pig. 5, B) together wnth hyphal 
parts of smaller volume and an evacuation tube (Fig. 5, B, t), many other 
sporangia may consist of a rather long portion of unmodified filament to- 
gether 'with only a fe'v^^ s'wollen branches (Pig. 5, C, D). Indeed, many of 
the smaller sporangia may include no perceptibly swollen elements what- 
ever (Pig. 5, E). Although an evacuation tube arising from a swollen part 
(Pig. 5, B, t; F, t), or one arising laterally from a rather 'wide undifferen- 
tiated hyphal part (Pig. 5, E, t), is usually recognizable as a special struc- 
ture, similar distinctiveness is ordinarily absent when an evacuation tube is 
formed through prolongation of an out'V'ardly unmodified branch or fila- 
ment (Fig. 5, C, D). Functional frustration of evaeuation tubes seems 
rather more frequent here than in most eongenexne forms; the frustrated 
tube soon being 'v^mlled off in whole or in part by deposition of a septum 
(Pig. 5, P, a), and a new evacuation tube thereupon being put forth from 
some other position (Fig. 5, P, t). 

Zoospore formation in PytJihmi myriotylum is associated with the se- 
quence of internal changes usual for members of the genus. As the evacua- 
tion tube attains definitive length, and forms a hyaline cap of dehiscence 
(Pig. 5, B, t), the protoplasmic contents of the sporangium show increasing 
vacuolization. The hyaline cap suddenly yields to become inflated into a 
vesicular membrane as the migrating sporangial contents accumulate within 
it. Once the migration is completed the iindiflerentiated granular mass 
(Pig. 5, C ; P, t) undergoes division, and in the course of about 20 or 25 
minutes is transformed into laterally bieiliate, motile zoos] )ores (Fig. 5, D, 
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B, G). After iiicreasingiy violent activity the zoospores escape from the 
disintegrating vesicle and swim about for some time (Pig. 5, PI) to round up 
into subspherical cysts (Pig. 5, I), which sooner or later germinate b3’' the 
production of a single germ tube (Pig. 5, J), or of 2 (Pig. 5, K) or even 3 
(Pig. 5, L) germ tubes. 

PytJimm myrioiyhim^ whether growing in the tissues of host plants or in 
various artificial agar media, usually shows fairl}^ abundant sexual repro- 
duction. The earlier stages in the enlargement of the subspherical oogonium 
ordinarily precede development of any accompanying antlieridia, though, 
as a rule, antheridial branches are found wrapped extensively about the 
expanding female organ before it attains definitive size (Pig. 6, A). The 
enveloping branches soon give rise terminally or, less often, somewhat later- 
ally, to crook-necked male organs, each delimited proximally by a cross-wall 
At nearly the same time the oogonium, having completed its growth, like- 
wise is delimited from its supporting hypha. Contraction of the oogonial 
contents into a spherical body of lumpy structure (Pig. 6, B, C, D ; Pig. 7, 
A, B, C) ensues, with intrusion of fertilization tubes, and movement of 
antheridial materials through them. The spherical body, after la^diig down 
a thick wall, undergoes internal reorganization whereby it is converted into 
a yellowish oospore that at early maturity (Fig. 6, E, P, G; Pig. 7, D) re- 
veals the unitary structure most usual in oospores of the genus, — its single 
reserve globule being surrounded by a parietal layer of granular protoplasm, 
in which a single subspherical or oblate ellipsoidal refringent bod}' is im- 
bedded. After several weeks of further ripening, some oospores will fre- 
cpientl}^ be found to contain 2 refringent bodies (Pig. 6, H ; Pig. 7, E) ; and 
additional increase in number of these small but conspicuous structural ele- 
ments may come with more prolonged aging. With extended aging, too, 
the parietal layer often acquires a more coarsely granular texture almost like 
the texture of the homologous layer in species of A'plianomyces. 

The sexual apparatus of Pythium myriotylum shows much variet}- with 
respect to the origin and positional relationships of its component parts. 
Most often, perhaps, the oogonia are borne terminally on branches of vari- 
able lengths (Pig. 6, A, B, D ; Fig. 7, A, B, C), yet their occurrence in lateral 
(Pig. 6, C; Pig. 7, E) or intercalary (Pig. 7, D) positions is not infrequent. 
The male complement may be supplied wholly from a single parent filament 
(Pig. 6, 1) ; Fig. 7, A, B), though often 2 (Pig. 6, A, B) or 3 (Pig. 7, C) such 
filaments, which generally have no close mycelial connection with the oogon- 
ium, may contribute antheridial branches. Almost invariably the antheridial 
branches are not only wrapped about the oogonium itself, but are to some 
extent intrieated with the filament supporting that organ; the intrication, 
however, being of an irregular or haphazard sort little suggestive of the 
symmetrical helicoid involvement eharacteristie of P. helicoides Drechsl. and 
P. palingenes BreeM. Undersized oogonia may be supplied wdth only 1 
(Fig. 6, C) or 2 (Pig. 7, A) antheridia, whereas larger specimens very 
often have 6 (Fig. 6, D), 7 (Pig. 6, B) or 8 (Pig. 7, B, G) male orgaim 
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formed in contact with them. Somewhat comparable arrangement of sex 
organs and associated hyphal parts is recognizable in P. arrJie nomanes, P. 
grci'niinicolunt Subr., P. periiluin DrechsL, and P. sclei oieichuni Drechsl., 
despite certain readily noticeable differences pointed out earlier (1 885) ; 
and it seems probable that P. myriotylum is more closely allied to these 
species than to P. hutleri, even though the latter offers much greater simi- 
larities of parasitic habit. Analogous enwrapment of the oogonium by its 
male complement appears suggested also in Matthews’ illustratioiis (26, PL 
11, Pigs, 1, 2, 3, 6) of her P. caUmilatum. 

Like Pythium arrhenomanes and P. scleroteiclmm, though perhaps in 
lesser degree, P. myriotylum is annoyingly given to degeneration of its 
sexual apparatus. Often its oogonia form oospores that degenerate before 
the correct unitary organization of early maturity has been achieved. In- 
deed, frequently degeneration sets in before even an oosphere becomes recog- 
nizable. When this happens the affected oogonium may utilize, without 
much evident advantage, some or all of its contents in putting forth a dis- 
orderly array of hyphal outgrowths; or, again, it may suffer spectacular 
invasion by a tangle of hyphae often originating from one or several of the 
attendant antheridia. Occasionally, the tangled mass of hyphae gives rise 
to a new oogonium and new antheridia, which then proceed with normal 
development; so that eventually an oospore of small size, yet of correct 
internal structure, comes into being within the old oogonial envelope. 

When eulWres of Pythium myriotylum show much degeneration they 
usually show also a pronounced tendency toward morphological extrava- 
gances that finds some expression even in those vinits of sexual apparatus 
that yield oospores of correct internal structure. Many of the antheridia 
may then be abnormally long and conspicuously upcurved or contorted, 
while an excessively large proportion of the oogonia and oospores may de- 
part widely from average dimensions. Kelatively large dimensions of both 
oogonia and oospores often accompany degeneration caused by low tempera- 
ture and nutritional deficiency. Thus, w^hen grown at 14° C. on filtered 
maize-meal-decoction agar the strain of P. myriotylum isolated from a 
decaying cucumber in 1924 gave 28.8 as the average diameter of good 
oospores, and 35.4 q as the average diameter of mature oogonia. When the 
same strain was grown at 28° C. on maize-meal agar that contained in sus- 
pension a substantial quantity of finely divided maize-meal, and that had 
been slightly acidulated with hydrochloric acid, measurements on 200 sexual 
units selected at random gave values of 20.8 q and 26.5 p for average diam- 
eter of oospore and oogonium, respectively. The smaller values were men- 
tioned in the diagnosis of the species, as they were derived from material 
evidently far more representative of normal development than the material 
that had given the larger values. For the cultures grown at the higher 
temperature on the more nutritious medium yielded sexual apparatus in 
extraordinary abundance and with virtually no degeneration ; whereas, those 
grown at the lower temperature on the filtered medium yielded sueh'appa- 
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ratus only in moderate qiiantity, much of it vitiated by degeiieration. As- 
sociated with the more abundant production of oogonia and oospores, and 
with virtual absence of degeneration, was a high degree of iiniforinity with 
respect to size. The 200 measurements of oogonial diameter from wliieh 
the average of 26.5 was computed showed a distribution of values, ex- 
pressed to the nearest integral number of microns, as follows : 16 p, 2 ; 20 p, 
1; 22 p, 1; 23 p, 6; 24 p, 7; 25 p, 25; 26 p, 54; 27 p, 50; 28 p, 29; 29 p, 16; 
30 p, 5; 31 p, 1; 32 p, 1; 33 p, 2; while the aeeonipanying Bieasiirements for 
diameter of oospore showed the following distribution : 12 p, 1 ; lo p, 2 ; 17 p, 
1; 18 p, 6; 19 p, 21; 20 p, 41; 21 p, 67; 22 p, 37; 23 p, 15; 24 p, 6; 25 p, 2; 

26 p, 1. 

Oospores of correct internal structure have been found capable of ger- 
mination after 2 or 3 years of storage at temperatures between 5 and 10° C. 
Like the reproductive bodies, sexual or asexual, of ooinycetes generally, they 
produce vegetative germ hyphae when transferred to a fresh substratum 
devoid of free liquid water, or to a liquid medium containing a eonsiderable 
quantity of nutrients in solution. When transferred to water containing 
little or no food substance they germinate more frequenthy b.y putting forth 
a simple filament, which in several observed instances was 500 to 600 p long 
and 3 to 4 p wide. After the protoplasmic contents have completely passed 
from the chamber of the oospore, and sometimes have further been evacuated 
from a proximal portion of the filament, the tip of the filament forms a 
hyaline cap of dehiscence (Fig. 8, A, a; B, a). Discharge of the germ 
sporangium thus brought into being proceeds as with zoosporangia of my- 
celial origin; the hyaline cap becoming inflated into a vesicle as it receives 
the migrating granular material (Fig. 8, A, b ; B, b) . The luidifferentiated 
protoplasmic mass undergoes division into a swarm of laterally biciliate zoo- 
spores (Fig. 8, A, c; B, c), numbering usually 10 to 16 individuals, ■which 
escape when the vesicular membrane finally yields under the impact of their 
increasingly violent movements. 

A NEW PROLIFEROUS PYTHIUM OF THE HELICOIDES SERIES 

In June, 1939, A. A. Dunlap of Texas Agricultural Experiment Station 
submitted for identification a culture of a pythiaceous fungus that, accord- 
ing to an accompanying letter, had been isolated from roots of wheal plants 
sent from the Panhandle region of Texas. Since the numerous oospores 
visible in the substratum were unmistakably of multiplicate internal struc- 
ture the fungus was at once presumed to belong with the series of proliferous 
forms typified in PytMum heMcoides, This presumption was found amply 
justified when the asexual reproductive stage came to light. As a member 
of the lielicoides series the fungus invites attention by unusual simplicity 
in the make-up of its sexual apparatus. 

Growing at moderate temperatures in pure culture on agar media soft 
enough to offer no appreciable impediment, the fungus from Texas extends 
its m 3 'eelium more slowly than most species of PythiuM. A relatively rich 
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medinni, as for example, Lima-bean agar, induces developineiit of rather 
copious aerial mycelium both in Petri dishes and in test tubes. Such aerial 
mycelium has been observed to persist more than 2 years under fairly dry 
conditions, without matting down on the substratum. Some aerial growth 
may often be observed also when the fungus is propagated in test tubes 
on maize-meal-decoction agar, a medium eontaining nutrients in moderate 
or in small eoneentratioii ; though in Petri dishes this substratum usually 
affords development only of intramatrical mjmelium that presents to the 
naked eye a somewhat lustrous radiating appearance modified occasionally 
by cloud-like variegation expressive of local differences in density of texture. 
Under the microscope, as might be expected, the intramatrical filaments are 
revealed, on the one hand, as being less haphazard in their courses than the 
filaments making up the diffuse mycelium of P. myriotylmm, while, on the 
other hand, they show less parallelism of arrangement than is evident in the 
conspicuously lustrous mycelia of P. vexans de Bary (= P. compleciens 
Braun) and P. complem. Intramatrical hyphal branches in plate eultures 
ordinarily fail to form appressoria on encountering the glass floor of the 
Petri dish, — a failure contrasting markedly with the behavior of the closely 
related P. polytyhim Drechsl. (14), which, under similar conditions, gives 
rise to numerous adhesive organs. 

Asexual reproduction may conveniently be induced by excising sizable 
slabs from a Lima-beaii-agar plate culture permeated with young mycelium, 
and transferring them to a shallow layer of sterile water in a sterilized Petri 
dish. At temperatures between 20 and 25® C. each irrigated slab promptly 
extends into the surrounding liquid a fringe of extramatrical mycelium 
often 5 to 10 mm. in width. Within perhaps 15 or 18 hours after the trans- 
fer some of the filaments composing the fringe give rise individually to a 
terminal enlargement with a papillate protrusion at its apex (Pig, 9, A). 
Once it attains definitive size the enlargement is delimited from tlie support- 
ing filament through deposition of a basal septum (Pig. 9, B, C, D). The 
terminal papilla may become prolonged into an evacuation tube of some what 
variable length. Should this tube suffer functional frustration, 1 (Pig, 9, E) 
or 2 (Pig. 9, P) similar tubes are put forth from other positions. Sooner 
or later the undifferentiated protoplasmic content of the sporangium passes 
into a vesicle formed through inflation of a hyaline cap at the tip of the 
successful evacuation tube (Fig. 9, G). In this vesicle the granular proto- 
plasm is fashioned into laterally biciliate zoospores, wholly after the manner 
typical of the genus Pythmm (Pig. 9, H). Often, especially wiien dis- 
chargers delayed while one or more longish evacuation tubes are being put 
forth, a branch may grow out laterally from the supporting hypha, just 
below the base of the sporangium (Pig. 9, G; H; I; J, a). At otiier times, 
when discharge has been accomplished quickly by means of a short apical 
evacuation tube, a second sporangium may develop within the emptied en- 
velope (Pig. 9, K), eventually to give rise to zoospores in a vesicle formed 
a variable distance from the orifice of the first s|)()rangi\im (Pig. 9, L). 




1943] Drechsler: Pythium Species in Southern States 


279 


Owing* to differeii(3es in promptness of discharge a terminal sporangium 
(Fig. 9, M, a) may sometimes be found still retaining its contents, even 
when a second and a third sporangium, foimied subsequently on a lateral 
prolongation of the supporting filament, are present only as nested envelopes 
(Fig. 9, M, b, e). Such nested arrangement betokens, in the main, rather 
prompt discharge, as does also a seriate uniaxial arrangement of empty 
sporangial envelopes, brought about by repeated straightforward i)roi()nga- 
tioii of the supporting filament and production of successive sporangia (Fig. 
9, N, a, b, c), which, one after another, produce vesicles wherein their undif- 
ferentiated contents are transformed into zoospores (Fig. 9, N, d, e, f). 
After being liberated the zoospores swim about for some time before coming 
to rest and rounding up into subspherical cysts (Fig. 9, 0, a-q) that gerini- 
nate commonly by the production of a single germ hyplia about 1.8 to 2 p 
in width (Fig. 9, P, a, b). 

Thus with respect to the moi‘phology and development of its asexual 
reproductive phase, the fungus appears closely similar to the 4 proliferous 
species I presented earlier (14) as members of the kelicoides series. It 
perhaps resembles Pythium oedochilum Drechsl. and P. yxMngenen more 
closely than P. kelicoides^ sinc'e its sporangiferous filaments, like those of tlie 
former 2 species, are little given to racemose or cymoid branching, even 
though now and tlien tliey may bear an auxiliary sporangium on a sliort 
branch arising some distance below the terminal sporangium (Fig. 9, J, b). 

The fungus seems unusual I v' reliable in })roducing normal sexual ajipa- 
ratus (Fig. 10, A-I; Pig. 11, A~G) on different kinds of agar culture media. 
On maize-meal agar coiitaining in suspension a substantial quantity of fiiieix' 
divided maize-meal, its sexual development is, as a rule, not only very 
abundant but also to an extraordinary degree free of degeneration. Tlie 
oogonium often arises as a latei'al subspherical enlargement sessile on tlie 
parent filament (Fig. 10, A, B, C; Fig. 11, C) ; or it may be formed ter- 
minally either on a short branch (Fig. 10, D; Pig. 11, A, B), or on a longer 
liypha (Fig. 10, G) ; or, again, it may develop as a laterally intercalary 
(Fig. 10, E, P, I; Pig. 11, B, P) or mesially intercalary (Fig. 10, IT; Pig. 
11, D) body. During its earlier stages of growth it seems usually to have 
no direct contact with any part that can be distinguished as a male element 
(Pig. 10, A). On attaining definitive size it is fertilized commonly by a 
single antheridiiim (Fig. 10, B-I; Pig. 11, A-P), and only occasionally by 
2 antheridia (Pig. 11, G, a, b). 

Alongside of the robust oogonium the antlieridium looks puny and frail, 
although actually it is not smaller than the corresponding organs in maiw 
of the more familiar species of Pytkiiini, It consists usually of a somewliat 
swollen elongated (-ell forimnl terminally on a branch arising most often 
fj'om the my(-elial filament that eithei* bears the oogonium, directly (Fig. 10, 
1>, G, B-T; Fig. 11, (\ I), E), or gives Off a short bramdi supporting the 
oogonium (Pig. 10, D; Fig. 11, A, B, G, a). In some units of monoclinous 
sexual apparatus, wliere the male branch is short and arises from a, position 



Ppiytopathology 






282 


Phytopathology 


[VoL. 33 


close to the oogonium, the mycelial parts connecting the male and female 
organs may have an aggregate length of only 20 p (Pig. 10, 1), while in other 
monoelmous units, where the male branch arises from a more distant posi- 
tion the mycelial connection between oogonium and antheridium mav ex' 
eeed 12o p (Pig. n, A) or even 150 p (Pig. H, B) in length. In units of 
diclinous sexual apparatus the length of the anthericlial branch is rarely les 
lan oO p (Pig. 11 , p), and sometimes exceeds 200 p. Now and then an 
antheridium may be found attached laterally (Pig. 11 G b) — i nos, •tJnn i 
relationship that might come about either from iLra’l Lelpi^rt • ” i 

beginning, or from terminal development followed by renewed elono-ation 
of the supporting branch. ciou^atioii 

The antheridium is often found applied to the oogonium lateralli' olumct 
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sexual development with virtnally no degeneration. These 200 oogonia gave 
values for diameter, expressed to the nearest integral number of microns, 
distributable as follows : 14 jj, 1 ; 18 p, 1 ; 21 {j, 1 ; 24 jj, 1 ; 25 [j, 1 ; 26 p, 1 ; 
29m, 1; 30m, 1; 31 g, 2; 32 m, 5; 33 m, 22; 34m, 21; 35 m, 32; 36 m, 40; 
37 M, 27; 38 m, 17; 39 g, 10; 40 m, 10; 41 p, 2; 42 p, 2; 43 p, 2; and the 200 
oospores of correct internal striietiire contained within them gave measure- 
ments for diameter distributable thus : 13 p, 1 ; 16 p, 1 ; 19 p, 1 ; 22 p, 1 ; 
23 m, 1; 26 m, 1; 27 m, 1; 28 p, 1; 29 m, 3; 30 p, 3; 31 m, 16; 32p, 31; 
33 m, 25; 34 m, 38; 35 p, 26; 36 p, 22; 37 m, H; 38 m, 10; 39 p, 4; 40 p, 1; 
41 M, 2. 

Maize-meal-agar cultures containing numerous oospores of correct inter- 
nal organization have, on examination after 2 years of storage at tempera- 
tures between 5 and 10° C., shown relatively little degeneration among the 
reproductive bodies. The eonspieuously thick-wailed structures seem, in- 
deed, well designed for conserving life over long periods of time. Yet 
despite their longevity and their strongly indurated apj)earanee the oospores 
will not only germinate very j)romptly, but, what is perhaps more remark- 
able, will germinate by producing zoosporangia and zoospores in almost all 
instances where lic|uid water moderately free of nutrients is present. Thus, 
when the oospores produced in 0.03 cc. of unfiltered maize-meal-agar me- 
dium are distributed in 3 ce. of water over the floor of a Petri disli 90 mm. 
wide, motile zoospores begin to be liberated after 6 or 7 hours, and in 15 
hours may usually be found swarming in spectacular abundance throughout 
the preparation. Such beliavior suggests tliat under natural conditions the 
fungus ma.v possibly give rise to zoospores on a greater scale in eouneetion 
with the germination of its oospores than through development of sporangia 
from its mycelium. 

The first ehaiige unmistakably associated with germination becomes evi- 
dent when the oospore wall — or, rather, the thick shell-like layer over the 
thin membrane intimately surrounding the protoplast-shows within a re- 
gion between 5p and 10 p wide an array of striations extending radially 
from its inner eontour half way toward its enter contour (Fig. 12, A). 
These striations signify apparently that the wall is being progressively 
honeycombed witli radial })ockets. As the striations elongate and reach the 
outer contour, the remnants of wmll material along the inner contour vanish, 
leaving a space into which the protoplast and the thin pliable membraue 
siirrounding it soon protrude (Pig. 12, B). Solution of the lioiiey-cmmbed 
fabric continues ceiitrifugally, and soon a fairly wide channel is <iem‘e(l, 
j)ermittiug protrusiou of tlie protoplast to the oogonial meinbi*am‘ (Fig. 
12, (1). IMeaiiwfiile, the portion of this membrane lying in the path oi‘ tlie 
(iuuuu‘l has become somewhat less distinct optically, and now gives an im- 
pression of reduced firmm‘ss. At all events, it yields without much i*esis- 
tance in allowing the protrusion to break through and to elongate ext(‘rnally 
as a stout germ tube (Fig. 12, D). Thereupon radial striatious come into 
view everywhere along tlie inner contour of the thick oospore wmll (Fig. 
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12, D), and are soon extended to its outer contour (Fig*. 12, E). Tims 
honeyeonibed tlirougliout, the substance of the massive wall undergoes re- 
sorption, until finally only some few radial markings may remain as vestiges 
in tlie space between the persistent oogoiiial membrane and the similarly 
persistent membrane which intimately surrounded the protoplast (Fig. 12, 
F) ; and very often, again, even such meager vestiges are extinguished. 

At about tlie tiine the first radial markings can be observed in a localized 
region of the massive wall surrounding them, the protoplasmic contents of 
the oospore begin to show significant changes. The reserve globules appear 
less distinct and are reduced in volume, while simultaneously the granular 
material is increased in corresponding measure. Temporarily the refringent 
bodies in the deeper portions of the protoplasmic mass become more clearly 
visible, so that their total number, usually between 10 and 15, and less often 
between 5 and 10, or between 15 and 20, can now be deterinined. During 
the period when the germ tube grows to a length of 50 to 75 p, the refringent 
bodies graduall}^ are lost to view in their densely granular matrix (Pig. 12, 
D, B). Usually, duriiig tliis early period, too, a branch is given off by tlie 
germ tube close to its origin (Pig. 12, E). The 2 resulting elements com- 
moiily grow in rather widely divergent directions (Pig. 12, H), one or the 
other often putting forth an additional branch (Pig. 12, I). When a fila- 
ment has attained a. lengtli of 75 to 500 g, or sometimes even a length of 
700 1.1 or 800 it gives rise at its tip to a terniiiially papillate sporangium 
(Pig. 12, H) similar in shape to the sporangia produced from vegetative 
myceliiim, and, like them, after develoxmient of an evacuation tube with an 
apex of dehiscence, diseliarging its contents into a vesicle for transformation 
into laterally bieiliate zoospores (Pig. 12, I). The largest sporangia borne 
on germ hyphae yield between 20 and 25 zoospores, yet the production of 
one such organ ordinarily leaves unexpended mnch of the protoplasm in an 
oospore of good size (Pig. 12, H, I), even if some undersized oospores are 
completely exhausted in producing individually a short germ liyx^ha to- 
gether with a single small sporangium that may yield only between 5 and 
10 zoospores (Pig. 12, J, K). Most oospores, consequently, give rise to 1 
or 2 additional siiorangia, in many instances with a display of x^roliferons 
development. Thus, tlie second sporangium often is produced on a ]>ro- 
longation of the filament that bore the first, while a third may be formed 
elsewhere at the tip of a branch (Pig. 12, L) ; or proliferous development 
may be absent, the 2 or 3 sporangia being produced on different filaments 
of the branching apparatus. 

The more commonplace type of germination by production of myeelia 
ensues, of course, when oospores are transferred to agar media devoid of 
free water, as also wlieu they are put into rich liquid media or into water 
containing substantial quantities of nutrients. In the earlier stag<\s of 
such vegetative germination, digestion of the thick oos|)ore wall proctuMls 
mucli as in germination muler aquatic conditions; but soon after the germ 
hyphae have emerged they begin to take up food substances, thereby initiat- 
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mg a new cj^cle of antoiiomous growth. Yet a supply of fre.sli water or 
fresh substratum is not always necessary for germination. Often, while 
undergoing microscopic examination, oospores have been found germinating 
actively within 2 hours after they had been removed, completely dormant, 
from maize-meal-agar cultures 6 or 8 weeks old, even though the stale ambi- 
ent in which they were formed and which still surrounded them not only had 
received no addition of fresh water but was slowly losing water throiudi 
evaporation. 

As the fungus, apart from other diagnostic features, would seem distin- 
guished from all known species of Pythiiim by its remarkably thick oospore 
wall, it IS described as a new member of the genus under a specific name 
meaning “testaceous.” 

Pythium ostracodes sp. nov. 

Pjerumqne ex apice sporaugii varius o 5^ ^ 

liypliam fertilcm simpHceni vel® aeS ^ mycelium emittentibus aut 

proferentibus. 'Ci sacpius aliquaiitnlum rainosam eum 1-3 zoosporangiis 

Ilabitat in radicibus Tritici aestivi in Texas 

radiate media frequently of somewhat lustrous 

composed of liyphae mostly 1 8 ^ extension in 24 hours at 24 ° C 

oped only in moderate quantity. Aerial mrcelLursometim*® ramifications usually deyel- 
moderately or even rather abundantly deyel^ed other times 

persisting long without collapsing. ^ ^ ^ ®o“ditions not too humid 

branched extramati-icanyphM^°m^s«y”o 5 °™4 5 simple, or sparingly 

or lemon-shaped, measuring usually* from 25 t‘o 55 prolate ellipsoidal, 

transverse diameter; discharging their conteL into o ^ in 

otten somewhat reflexed, 2 to 45 u. loiw and 4 tn Q° ^ Reside thiough an evaouation tube 
tion of an apical papilla, but sonVtli “ristnl ft™ ^ prolouga- 
trustration of an apical tube; proliferous i/ moTrotP^!®''^* ®®P®cmlIy after 

sporangia! branching or through uninYvil pinnn. +• ^ measure, either through sub- 
spores formed in nu'^bers 4 „|fng supporting filament. Zoo- 

rounding up forming cysts mostly 10 to 12 5 m in’dioZZ biciliate, on 

putting forth a gem tube about 2 ^ in width.^ diameter, which germinate usually by 

but more oftcrWnZ^iredly®on*wZ^^^ branches less than 25 p in length 


«s the, oogonium at TdiW^io lorrZm* arising Som tte“:;:ine^hVp,il 

ous origin and then iisually borne tormin ^ f oogonium, but ocasionally of diclin 
•hstant filament; olongateLytodricaT 250 p long ar 4 g from ^ 

- ... <«■ 
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to 3 },i long aiid 1 to 1.5 wide. Oospore usually distinctly yellowish, subspiierical, mea- 
suring 13 to 41 |.i, mostly 28 to 39 |,i (average 33.5 p) in diameter; provided with a wall 
1.5 to 4.3 p, mostly 3.2 to 4p (average 3.6 p) in thickness; containing 10 to 75 reserve 
glolniles mostly 3 to 4 p in diameter, and 5 to 20 globose refringeiit bodies 2 to 3 p in 
diameter; germinating ri^adily ])y produeiiig a myeeliimi, or, under acpiatie conditions, 
by extending a sim])i(‘ or somewhat branched sporangioi^liore, 75 to 800 p long, -whereon 
1 to 3 sporangia are borne terminally, often in part through j)roliferous development. 

Occurring in rootlets of Trlticum aesHvmti in Texas. 

BIOTIC RELATIONSHIPS WITH SOME OTHER ROOT-ROTTING OOMYCETES 

As mig'lit be expected, agar plate eiiltiires that have been prepared for 
the isolation of root-rotting or damping-off fungi by placing pieces of 
affected plant material on sterile medium often afford developiiieiit of 
niycelia belonging to 2 or 3 separate species of Pythium. When the several 
inyeelia present in a culture are all referable to such familiar pathogenic 
species as, for example, P. idtimum Trow, P. deharyanuni, P. Irrcyulare 
Buism. and P. mammillatufu Meiirs, no liyphal relationship expressive of 
parasitism comes to light. When, howevei*, a groiving mycelium of one 
or another of these species has occasion to meet a growing myeeliinn of 
P. oligandrum I)re(4isl. (14), a species with echiniilate oogonia, which oiuuirs 
rather frequently in diseased underground iiarts of many plianerogamic 
plants, the former is attacked by the latter in a violently parasitic manner. 
Eveiwwliere in the i*egioii of eneountei* delicate ramifieations of the spiny 
form eiiwrap tiie filaments of tlie other elaborately, soon penetrating in 
different places and intruding hyphal processes that grow lengthwise 
through the filaments to assimilate tlie degenerating host materials. Here 
and there the internal liyphae give off branches that push their way 
out through the enveloping host membrane and, after some elongation, 
bring about the destruction of other liost filaments nearby. During theii' 
earlier stages of developinent oogonia, as well as conidia or zoosporangia, 
may be invaded, thongh oospores appear immune from attack once they 
are surrouiided by theii* tliiek wall. Frequently the attack of P. oligandrum 
on the eoiigeneric forms commonly associated Avith damping-off is so devas- 
tating that in extensive tracts of substratum they can give rise to only a 
few reproductive bodies. 

The same destructive parasitism came to light again and again when 
Pythium oligandrum inteiitionaily planted in dual culture Avith the 
familiar pathogen it' forms found attacked in isolation cultures. Among 
inoi'e than a score (jf additional (congeneric species that Avere likeAA^ise groAvn 
in dual culture Avitli P. oligandrum y a feAV were parasitized AA'itli similar 
violeiK'e. IMost of the others, including suffered less seA^ere, 

tlmugh readily appreciable, injury. The remainiiig forms, of Avhich 
P. ostracodrs may s(*rve as a convenient example, inccurred ]itth‘ or no 
injury, exew though in some instances their hyphae Avere intrica,t{4y envel- 
oped by !)raii<'h(^s of tin* s{)iny form. P. eoniplens ah times attat'kinl P. oli- 
gandrum on a small stuile. 

Ah Pythium am nl hie urn and P. periplocuni Dreehhi. hi their mcyrplicdc)^^^^^^^ 
show ('lose kinship with P. oligandru My these two species, better kiiOAvn 
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to me from tlieir causal connection witli blossom-end rot of watermelon 
than from tlieir association witli root decay, were also grown in series of 
dual cultures with a wide assortment of congeneric forms. In the 2 series 
of cultures parasitism and antagonism of varying degrees of severity again 
prevailed ; the performance of the fruit-rotting fungi being generally 
similar to that of F. oligandrum. PytJiiogetoJi ant ossytiim Di^echsl. (15), 
a member of the Pythiaceae, though alien to the genus Pythiiim, was 
attacked unmistakably. However, when the 3 echinulate forms were grown 
ill dual culture with a number of saprolegniaceous forms occurring in 
assoeiatioii with root rot of crop plants, they not only proved innocuous, 
but like numerous other species of Pythium tried out, were themselves sub- 
jected to adverse action. In the case of A^yhanomyces cochlioides Drechsl. 
(13) this action appeared to be mainly defensive, and caused little positive 
injury. Elaborate enwrapment of the pythiaceous filaments marked the 
more aggressive and injurious attack of Plectospira myriandra Drechsl. (11) 
as well as of the 3 strains of Aphanomyces^ referable apparently to A, dado- 
ga/mus Drechsl. (13) that were isolated, respectively, from diseased roots 
of pansies, Viola tricolor L. (16), spinach, Spvnacia oleracea h. (18), and 
Linum (18). 

Pythium myriotylum,, as has been intimated, is attacked by F. acanthiciim 
(Pig. 13, A; Pig. 14, A), P. per iplocxmi (Pig. 8, C; Pig. 14, B), and 
F. oligandrum (Pig. 13, B; Pig. 14, C, D) less severely than P. ultinmm 
or F. debaryanum. On encountering its mycelium the spiny forms put 
forth numerous delicate branches that make contact with the filaments of 
F. myriotyhmij and often enwrap them more or less extensively. Some of 
the delicate branches become slightly enlarged at the tip, which then is 
applied closely to the wall of the filament, where often it is 

visibly cemented in place by means of an opaque secretion. The termina- 
tions thus present the appearance of appressoria, and, indeed, sometimes 
operate as such by intruding haustorial threads into the filament to which 
they are applied (Pig. 8, C,* Pig, 14, D). These haustorial threads grow 
lengthwise within the invaded filament until their further extension in 
either direction is checked by a septum that the host has in the meantime 
laid down at some distance from the place of ingress. Since the granular 
contents of the host disappear locally as invasion proceeds, it may be pre- 
sumed that they are assimilated by the haustorial threads, and that, aceord- 
the relationship present here is an unambiguously parasitic one. 
Yet, in most cultures the greater proportion of myriotylum hyphae invested 
by branches of the spiny forms are not actually invaded. Often these 
hyphae show abnormal modification both in somewhat increased thiekness 
ot the })eripheral wad generally and in much more pronounced local thicken- 
ing on the inner side ot the wall at places where appressoria have become 
atia(d)ed. The ])rot()p]asm within them often remains in normal condition 
for a pi*otracted i)eriod, but often, too, it migrates to other portions of 
the my(-elium, or undergoes gradual degeneration. Similar migration and 
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degeneration of protoplasm takes place in some measure also in vigorous 
mycelium of P. myriotyhtm that, after being removed to a glass slide, is 
subjected to microscopical examination; so that the harmful effect of the 
enveloping branches is not easily ascertainable. Nevertheless the impres- 
i sion usually is gained that the branches are injurious, at least locally. It 

I is not obvious, however, that the spiny forms obtain food materials from 

I the myrioiylum filaments merely intricated by them, unless, perchance, after 

I the intricated filaments have been made to degenerate internally, their 

I soluble contents may become available in part by diffusing out into the 

I ambient. The expanded terminations that sometimes serve as appressoria 

f . seem hardly large enough to operate effectively as cupping organs. 

When a growing mycelium of Pythmm myriotylum encounters a grow- 
ing mycelium of Plectospira myriandra (Fig. 8, B) or meets a growing 
mycelium of the pansy (Pig. 8, D), the spinach (Pig. 13, C), or the flax 
strain of ApJianomyces cladogamus^ its hyphae in the zone of encounter are 
promptly enveloped in an elaborate manner by short ramifying branches, 
which, except for their greater width, resemble the branches extended under 
similar conditions by the 3 echinulate species of Pythium, As this envelop- 
ment proceeds the protoplasmic contents of the affected hyphae lose their 
, normal appearance and become more or less opaque (Pig. 8, E ; Pig. 13, C). 

Unmistakable disorganization promptly follows. Sometimes the enveloped 

* portions of hyphae are, in addition, invaded internally (Pig. 8, D), but 

^ the injury accruing locally to the mycelium of P. myriotylmn is obvious 

even where no invasion occurs. In any case the enveloped portions of 
I hyphae, whether undergoing destruction through parasitism or through 

I antagonism, are soon delimited from the adjacent healthy portions by 

cross walls. 

I Although Pythmm myriotylum thus sustains some evident injury on 

1 encountering antagonistic oomycetous forms, its general development in 

I dual culture is often impaired less than that of the fungus inflicting the 

I injury. Under certain conditions of culture P. acanthicum and the strains 

of Aphanomyces cladogamus from pansies, spinach, and flax, are unable 
I to advance any considerable distance beyond the zone of encounter into 

' the tract of substratum already permeated with mycelium of P. myriotyhim; 

I whereas P. myriotyhim wull sooner or later spread over the tract of sub- 

j stratum originally occupied only by the opponent fungus. Under similar 

* condition of culture, Pythmm periplocum and Pythium oligandrum^ as 
well as Plectospira myriandra, usually will halt the mycelial advance of 

I P. myriotyhim abruptly at the zone of encounter, while continuing their 

I own advance into the tract already occupied by P, myriotylum. In such 

[ advance, however, their envelopment and destruction of hyphae diminish 

I markedly, whether because they are adversely affected by the increasing 

staleness of the substratum, or because the older hyphae of P. myriotylum 
are less subject to attack. Meanwhile, as the older mycelium of the opponent 
species loses in vegetative vigor through aging and onset of sexual repro- 
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duction, tlie myeeliiim of P. myrioiyhim often reeoYers initiative and 
resumes growth by advancing in thinner array beyond the zone of eii- 
eoiinter ; so that, eventually, its oospores, like those of the opponent species, 
may often be found distributed in all portions of the culture. The ability 
of P. mijriotyliim to offset the discomfiture suffered in the zone of encounter 
seems attributable in part to its more prolonged vegetative period and its 
ready production of aerial mycelium. 

When a growing mycelium of Pythium o sir modes (Fig. 15, A, a) en- 
counters a growing mycelium of P. acaniliiciim, P. periplocum (Fig. 15, 

A, b) or P. oUgandrum in a Petri-plate culture, both usually continue to 
advance •without interference becoming manifest macroscopically in modi- 
fication of their circular outlines. Indeed, on microscopical examination, 
sometimes only a fe^v hyphae of P. ostracodes may be found enveloped by 
branches of the opposed spiii}^ form. At other times, however, especially 
when a rather soft agar medium has been used in the preparation of the 
dual culture, numerous hyphae of P. ostracodes in the zone of encounter 
are very elaborately enveloped in ramifications of P. periplocxm (Pig. 13, 
D, E), of P. oUgandrum (Pig. 13, P; Pig. 16, A), or of P. acantliicum. 
On either side of the zone of encounter much less envelopment is noticeable ; 
the intrication present in the ti’act where new hyphae from one of the 3 
echiiiulate species have encroached upon aging hyphae of P. ostracodes 
usually being somewhat more abundant than that present in the tract w^here 
new hyphae of P. ostracodes have encroached upon old hyphae of the spiny 
form. It is remarkable that however elaborately the hyphae of P. ostracodes 
may be enveloped by any one of the 3 echinulate species, they commonly 
show no injury from such envelopment. 

A far different result is obtained when Pythium ostracodes (Pig. 15, 

B, a) is grown in dual culture with Plectospira myriandra (Pig. 15, B, c; 
Fig. 16, B) or •with any one of the strains of Aphanomyces cladogamus iso- 
lated from diseased roots of spinach (Fig. 12, G), fiax, and pansies. In such 
dual culture the inj^eelial advance of P. ostracodes is abruptly halted wher- 
ever it encounters the mycelium of the saprolegniaceous form, which con- 
tinues to grow with unabated rapidity. In the zone of encounter and soon 
afterwards also in tracts closer to their origin the hyphae of P. ostracodes 
are elaborately enveloped by branches of the opponent fungus, and their 
protoplasmic contents made to degenerate (Pig. 16, B). Here and there a 
filament may suffer internal invasion (Fig. 12, G). The injury thus sus- 
tained by the Pythium mycelium often results in noticeable reduction in the 
quantity of oospores formed by it. 

Evidence indicating some sort of biotic relationship between oomycetes 
associated with damping-off and other diseases destructive to terrestrial 
phanerogamic plants was brought forward by de Bary (2) more than 60 
years ago. In the garden cress {Lepidium sativum L. ) seedlings that he 
used for substratum, this investigator never observed his Pythium artotrogus 
to occur alone: in all instances he found it accompanied by a congeneric 
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Eia. 15. Growing mycelium of jPythium osiraoodes (a) eneoimtering growing myce-- 
1mm of P. (b), the rounded outlines of both mycelia showing no sign of re- 

terded advance. ^ Mycelium of P. ostracodes (a) encountering growing mycelium of 
rlectospira myriandra (e) ; the former, as is manifest from the lesser convexity of the- 
portion of its outline within the region of encounter, being retarded or halted in itsi 
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f A* Myeelium of lyhium ostracodes attacked by I>. oligandmm. B. llYvhs 

(ft /. attacked by Pleeloapira myriandra. The enveloped hvphae in A^ha^^ 

reinntned normal, whereas those in B have collapsed. ■ yi-aae in a na^ 
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species, Avliicli lie identified as the widely pathogenic P. deharyamim. The 
congeneric species always appeared first, or at least became recognizable 
first through its earlier formation of reproductive organs. De Bary made 
repeated attempts to propagate P. artotrogus separately by removing living 
pieces of germ hyphae from its germinating oospores and placing them in 
drops of water to which were then added pieces of living and of scalded 
cress tissue. Though the germ hyphae branched abundantly in the liquid 
of the cultures thus prepared, the ramifying filaments consistently failed 
to infect either the living or the scalded tissue fragments, and consequently 
perished after a few days. Yet, in similar cultures to which P. artotrogus. 
had been added, together with the related fungus recognized as P. debary- 
amim, the former always reproduced, even if at times only meagerly, by 
giving rise to its distinctive spiny oogonia. 

De Bary offered 2 alternative explanations for the curious behavior of 
Pythium artotrogus: the fungus might require substances for growth that 
are absent in living or scalded cress tissue, but become available when such 
tissue is acted on by some other fungus, as, for example, Pythium dehary- 
anuni; or it might subsist as a parasite on P. deharyamtm^ much as species 
of Ghaetocladium or Piiotoceyhalis subsist as parasites on Mucoraceae. 
Further, de Bary had noted association of P. artotrogus with other fungi in 
its oecurrenee elsewhere than on cress seedlings in the laboratory. Thus, 
he had observed it associated with Phytophthora infestans (Mont.) de Bary 
in brown lesions on potato (Solamcm tube^^osum L.) stems, and with P. in- 
festans as well as with Pythium vexans in dead tissue of potato vines. 
Again, in dried potato material in an authentic specimen of Montague’s 
Artotrogus hydnosporus — which species he held identical with his own 
P. artotrogus — ^lie had observed spiny oogonia associated with swollen bodies 
of some alien fungus that might possibly have represented conidia of 
P. debaryanum, 

De Bary’s observations on Pythium artotrogus have been given some 
corroboration in several later writings. Butler’s (4) report that he found 
P. artotrogus in rotting potato tubers attacked by Phytophthora infestans 
in Calcutta in 1902 tends to support the presumption of a habitual biotic 
association ; though his further statement that for some time he successfully 
maintained the spiny fungus in cultures apparently free of Phytophthora 
hyphae, as also Mitra’s (28) subsequent report that P. artotrogus had been 
found in stored potatoes in India, growing individually or associated with 
P, inf estansy would seem at variance with the presumption of an obligate 
association. Under the binomial Pythium hydnosporum (Mont.) Schroet. 
supposedly the same spiny f ungus was reported by Clinton (5) in Conneeti" 
cut to have been observed not only in rotten potato tubers that had first 
been injured by P. infestans^ but also in pea (Pisum sativum L.) roots 
injured by Phytophthora cactorum (Leb. and Cohn) Schroet., and espe- 
cially abundantly in rotting grapes injured by the black-rot fungus and the 
grape berry moth. Sawada (31), working in Formosa, found P. hydno- 
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sporum ill old tissue in a portion of a leaf of Bochnieria nivea Hook, and 
Am. that had been attacked hy P. cadorum. Dissmann (8), in Bohemia, 
while studying the relationship of premature decay of water lily (Nymphaea 
Candida Presl.) foliage to the development, more particularly, of the 2 
Pyflmm species he designated as P. wndulatum Pet. and P. prolifenmi 
de Bap', noted that P. artotrogus sometimes occurred concomitantly with 
tliese 2 species, though only in older disintegrating portions of affected 
leaves,— a manner of occurrence he set forth as illustrating de Bary’s view 
that the spiny form is adapted to the utilization of nutrient products sup- 
plied or modijSed other fimgi. 

There is reason to suspect that among these additional first-hand reports 
on the occurrence of Pythhim artotrogus in association with other fuimi 
as, indeed, also among the several first-hand reports mentioning its oceim- 
rence regardless of any such association, some may have been based on 
materml not truly referable to de Bary’s species. It is not evident that 
t ie different observers, with the exception of Butler (4), gave sufficient 
heed to the necessity for ascertaining whether their fungi showed corre- 
spondence with de Bary’s (1) description in regard more particularly to 
iertiiization of the oogonium by an antlieridiuin consisting always of an 
adjacent hyphal segment, usually not modified externally, about 3 to 6 times 
longer than wide, and delimited by deposition of a septum in the supporting 

ameii . determinations were based only on similarities to the 

oogonium of P. ariofro,Gr«s— which organ was described originally (2) as 
lenig most y 18 to 27 p in diameter, and as being beset with tapering spines 
3 to 6 p long— the specimens might readily have belonged, instead, to 
P. aumihicum, P. penplocum, or P. oligandrum. In the morphology of 
^leii oogonia my 3 eehmulate species show such close agreement with the 
Illustrations and description of P. artotrogus that, from the beginning 

LmnSr" “t/™ately akin to de Bary’s fungus. The agreement in 

mo phology of oogonium would now seem to be sustained in parallelism of 
biotic relationship. This parallelism, it is true, would seein relieved by 

nrslf f ’.s experience with P. arfo- 

bo naZ,? f produce well on many kinds of substrata, 

mi 0 tf he,rt ’ intervention of any other fungus 

os ^ to flourish under natural conditions 

as autonomous parasites on at least one phanerogamic host 

Attack on other phyconiycetes by a saprolegniaceous funoms solely 

f°rth by Couch (1) 

Amom- thfni V account of his Aphanomyces exoparasiticus. 

1011 ^ the ph.icomyeetes found subject to envelopment and injurv was 'in 
■nnamed species of PytMurn. Although in one instance a Xelt pZZ 

1 mu'h orrZm this Pyrnm lid a 

ImL i/a^ ^ materials was observed. 

m e l mul imf \s ? Ti the hyphae that it has envel- 

I . that, as a result of being enveloped, have suffered disorganization 
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of their protoplasmic contents ; so that, like A. cochliokles in some combina- 
tions, it would seem to lack even such scant internal assimilative apparatus 
as is formed under analogous conditions by Plectospira myriandra and by 
the 3 strains of A. cladogamtis isolated from diseased roots of pansies, flax, 
and spinach. Unless the externally applied ramifications are capable of 
serving far better as cupping structures than appearances suggest, the 
elaborate attack of the several saprolegniaceous root-rotting forms here dis- 
cussed would seem directed more to thwarting the development of competing 
fungi than to utilizing their substance as nourishment. In fine, the aggres- 
sive relationships displayed by these forms would seem to hold a larger 
measure of antagonism than of parasitism. 

SUMMARY 

Under warm, moist conditions, PytJmim myriotyluni produces abundant 
aerial mycelium, which, on encountering solid objects, gives rise to in- 
numerable appressoria in dense clusters. This manner of growth makes 
possible the aerial parasitism whereby the fungus is enabled, much like 
P. hiitleri,, to destroy bulked vegetables such as cucumbers, summer squash, 
and string beans. P. myynotyhim rather closely resembles P. 'buUeri also 
with respect to its asexual reproductive stage, though noticeable differences 
are present in the less pronounced inflation of its zoosporangial branches 
and in its somewhat less bountiful production of zoospores. Its sexual 
reproductive stage, however, differs greatly from that of P. ’butlerij seem- 
ing, rather, to betray intimate taxonomic kinship wuth P. arrhenomanes. 
The oospores, of unitary internal organization, often germinate, when 
bathed in fresh water, by putting forth a long simple germ hypha, which, 
after having received the entire protoplasmic contents, dehisces terminally 
as a zoosporangium. 

A species of Pythmmj isolated in Texas from wheat roots, is described 
as new under the binomial P. ostracodes. Its production of subspherical 
zoosporangia at the tips of hyphae, together with its development of 
oospores having multiplicate internal organization, characterizes it as a 
member of the helicoides series. In this series it is distinguished more 
especially by the very simple make-up of its sexual apparatus ; fertilization 
being accomplished usually b,y a single antheridium borne terminally on 
a branch arising from the same hypha that supports the oogonium either 
directly or on a short stalk. When bathed in fresh water its oospores 
germinate very readily by producing, often in part through proliferous 
development, 1 to 3 terminal subspherical zoosporangia. During germina- 
tion the very thick, shell-like, colored, outer la^^er of the oospore wall be- 
comes conspicuously honeyeombed with radial pockets and canals as its 
substance undergoes progressive resorption. 

Pythkim my riot ylum like numerous congeneric forms, is attacked by 
P. amniMcum^ P. periplocum, and P, oliganulTum, though less destructively 
than the familiar pathogenic species P. ultimumy P, deharyammiy and P. 
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irrerjulare. In their attack the 3 echinulate fungi send out numerous 
branches that invest the myriotylum hyphae, in some places merely bringing 
about noticeable abnormality, in some other places inducing local disor^ 
ganization of protoplasmic contents, and in still other places intruding 
assimilative elements internally. The 3 echinulate species often envelop 
filaments of P. ostracodes more elaborately without, however, causing any 
appreciable injury. Further, the hyphae of P. myriotylum and P. "ostra- 
codes, as well as of many other species of Pythium, are subject to elaborate 
envelopment also by such saprolegniaceous root-rotting forms as Plectospira 
myriandra and the 3 strains of Aphanomyces cladogamus occui-ring in 
diseased roots of pansies, flax, and spinach, respectively. Invasion some- 
times follows envelopment, but even when invasion does not occur the 
enveloped PytJmmi filaments suffer local disorganization of their contents 
The seemingly meager utilization of the degenerating materials suggests 
that the relationship may be antagonistic more largely than parasitic. 
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CORRECTIONS 

In my paper entitled Three species of Pyihmm with proliferous 
sporangia’^ (Phytopath. 31: 478-507. 1941) the line preceding the last 
line on page 504, and reading, ‘‘sporangia, which often show proliferous 
development. In an old culture on’’ should properly follow the second line 
of text on page 505. A somewhat less bewildering error in line 20 on page 
499 of the same paper may be corrected by changing the word “furthering” 
to “further.”— C. D. 
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^ Resistance to eoinnion mosaic caused bv Nicotian a i 
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FIELD STUDIES 

Materials and Methods 

»"• "iost of 

A,- .nd B, Wiseensin-SyLfC 

seems to be one of the most resistant t-nt • i 4. i Ambalema used 

tained by Nolla and Roque f 8) Thk “ V collections ob- 

fests a few diffuse S^Sn spot on th T """ 
grown in the field. In the o-reenhouse tl 

Mosaic mottling never occurs'’ TT 4a« spots occur less frequently. 
Tolima, Colombia, S. A. This area is imtT' f of Mt. 

tobacco was collected in the Department f\/p^ where Ambalema 

logically, the two collections ulS a t ne («)• Morpho- 

produee as many as 50 or more fla>t ^ ^‘i®^tieal; they mature late and 

-hibiM jtaLr T™„nvtr:;‘ 'T,?' '>■“ ■>“» 

thr virus of eoinmon mosaic only 12 ma f T o P^hhts inoculated with 
»i.cs on 1 to 3 leave, per*” LZ ^‘eht-gv^n. diffuse 

v-««ld not be observed eacept with speS dr." “ ‘lt»t they 

fi cquent ni the field than in the oreenhouse ' w-^ 
baeeo is very susceptible to common mos^ri ^'""°''®'^-Havana Seed to- 
«>ul in*oduees 40 or more dark-green leaves. ""^^'^^eason-maturing habit, 


. a ^ ^ ^ leaves. 

™i ^'^^t'»TS£Z‘ilVSaTS£'‘’''‘iT‘ S.B.y. 


T and also tlm nia ^ . : assistance of 
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In 1937; a number of resistant collections were grown in the field. As 
soon as the plants were well establisbed, after transplanting, they were in- 
oculated with Nicotiana virus 1 by wiping the leaves. In late July and 
early August the plants were 6i to feet tall. At that time, the three 
classes of resistance mentioned above were plainly evident. On August 3, 
ten plants from each of several collections within each class were individ- 
ually assayed. The assay samples, two leaves (6 to 10 inches long) near 
the top of each plant were placed in tight screw-top bottles, brought to the 
laboratory immediately, and frozen. The procedures followed in obtaining 
the extracts and making the assays are described in the chapter on green- 
house studies. 

In 1938, field-grown plants were studied as in 1937, except that the 10- 
plant samples were batched, and the upper and middle leaves were assayed 
separately. The plants had set many seed pods, and all leaves on the main 
stalk were fully developed. 

Results 

In tables 1 and 2 it will be noted that a total of 8 collections failed to 
manifest visible signs of infection. Three of these, T.I. 448A, T.I. 450, and 


TABLE 1. — Summary of assays for presence or alosence of Nicotiana virus 1 in 
upper leaves of resistant classes of Nicotiana tahacum grown in the field in 1937, sam- 
ples collected August S. Ten plants of each plot were tested 


Variety or 

T.I. No. 

Symptoms 

July 23 and 

Aug. 3 

Lesions per bean 
plant from non- 
diluted juice of 
each tobacco 
plant 

Tobacco plants 
with upper leaves 
free of virus 



Number 

Per cent 

448A 

None 

0 

100 

450 

do 

0 

100 

320 

do 

0 to 12 

40 

384A 

do 

0 to 27 

20 

Ambalema 

do 

0 to 100 

10 

439A 

Severe diffuse 




spotting 

100 to 550a 

0 

329 

Mild mottling 

100 to 550a 

0 


a Estimates based on sample counts. 


T.I. lllOB, yielded no virus in the upper leaves late in the season, whereas 
Ambalema, T.I. 320, T.I. 384A, T.I. 470A, and T.I. 472A3, had virus in 
similar leaves in some of the plants. 

In table 2 it will be observed that T.I. 448A was the only one that failed 
to yield virus from the leaf samples collected midway between the bases and 
tops of the plants late in the season. Of the resistant types, Ambalema car- 
ried the greatest amount of virus in these leaves. 

The types inanifesting severe diffuse spotting (T.I. 439A) and mild 
mottling (T.I. 329) in table 1, and the very susceptible variety, Maryland 
Medium broadleaf, in table 2 carried relatively large amounts of virus. 
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YarietT or 
TJ. Ko. 


448A 
lllOB 
470 A 
472A3 
Ambalema 
Maryland 
Medium 


Symptoms 

Aug. 20 and 28 

i Lesions per bean 
! plant from upper 
leaves of 10 
tobacco plants. 
Collected Aug. 

20. No dilution 

' 

Number 

None 

0.0 

do 

0.0 

do 

0.6 

do 

2.0 

do 

3.0 

Severe 


mottling 

- Ti r 1 -1 r 

102.2 


Lesions per bean 
plant from middle 
leaves of 10 
tobacco plants. 
Collected Aug. 28, 
Diluted 20 xa 


Number 

0.0 

4.5 

3.9 

0.1 

140.0 


dilution of o n , diluted 2x10- 

aiiution ot .0 X the lesions would be too numerous to count. 

GREENHOUSE STUDIES 
Materials and Methods 

"’T ™ transplanted to pots of in- 

cieasmg size, np to 8 mehes in diameter, as their development reanired 

21°'to'^‘n°T''^'^ ^ temperatures were near 

b»HftSrntorZ«H" '““'’'I'””' plants that had 

were plaeed with theh- collected, they 

stand 

tis»rZl“i4T.'X?"'^ 7“" “'S ^tndied, the ire* 

buffer at pH 7.0 After somTZTZ phosphate 

Except when stated otherwise’ ^ buffer was added. 

buffer had been added ^ Pa’^'ts of 

reduced to very fine particles. The"resuTtk ^oun™*"'^ 
a double-cheeseeloth-lined funnel and ttte r ’. P‘ poured into 

The extract was used for Soft , In ^ tube, 

depending on requirements. The asivs^were°mrf^°^Y’^^’*^®^’ dilutions, 
of beau plants held near 33 5° n for 40 t ZTi primary leaves 
Thorough grindin "of Y tS inoculation (6). 

frequently encountered in the reStant v YeT^'^ to free the traces of virus 
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and Nicotiana glutinosa L., proved tlie most sensitive for detecting traces 
of virus, blit in the case of the bean, satisfactory results depend to a large 
extent on the high culture temperature following inoculation. 

When large samples were studied the fresh tissue was cut in very small 
pieces, placed in tightly stoppered bottles and kept frozen until tested. For 
testing, the tissue was pressed under hydraulic pressure and the extract was 
used, with or without further dilution, to inoculate the leaves of the test 
plants. 

Experimental 

Concentration of Yirns in Leaves . — To determine the relative amount of 
virus recoverable from the top, center and lower leaves of T.I. 448A, Amba- 
lenia, and Wisconsin-Havana Seed, the young plants were inoculated 
April 1. 

On May 30, leaves were removed from the bases, middle portions, and 
near the tops of 4 plants of each of the three types. 

Plants of T.I. 448 A and Ambalema ranged from 48 to 52 inches tall with 
no floral buds in evidence, and the plants of Wisconsin-Havana Seed ranged 
from 36 to 42 inches tall and were just beginning to bloom. 

The topmost leaves sampled were 3 to 4 inches long ; these, with 2 leaves 
directly below, made up the top-leaf sample. One middle leaf and a basal 
leaf were used from each plant. The basal leaves were just beginning to 
show the first senile yellowing and none of these had been wiped with virus. 
All midribs were discarded from the leaf tissue. 

The corresponding samples from each of the 4 plants within each type 
were batched. All samples were finely cut with a sharp knife, placed in 
tight bottles, and frozen. On June 9, the samples were extracted, diluted 
in buffer, and inoculated on the primary leaves of Scotia bean plants. Ow- 
ing to the large number of samples, only those dilutions were assayed that 
previous preliminary tests indicated would give the essential information on 
each plant type and leaf location. On June 15 another assay was made. 
The results are assembled in table 3. 

These data indicate that the top leaves of T.I. 448A and Ambalema mani- 
fest less virus activity than the lower leaves, and that the virus content of 
T.I. 448A was less than that of Ambalema. As in the field material, the 
T.I. 448A plants in this test failed to yield detectable virus in the upper 
leaves. 

In Wisconsin-Havana Seed, the first assay indicated the greatest amount 
of virus in the top leaves. However, the second assay indicated the greatest 
amount in the bottom leaves. Other tests indicate that the lower leaves of 
this variety yield the most active virus, but it appears that the difference 
is not always great. 

Virus Increase in T.L 448 A . — To determine if virus can increase in the 
leaves of half-grown and of nearly mature healthy plants, and to obtain 
information on related phases, several experiments were conducted. In 
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some cases comparisons were made with leaves of healthy Ambalema and 
Wisconsin-Havana Seed. Tests were made dnring the summer. 

A nondiluted native extract of virus was wiped on 19 well-developed 
leaves of a single plant of T.I. 448 A, and 12 to 19 days later each inoculated 
leaf was extracted, diluted to 3 volumes in buffered solution and wiped on 
5 bean plants. Beginning with the lowest leaf position on the tobacco plant 
and proceeding upward, the 19 leaves induced lesions per bean plant, respec- 
tively, as follows : 22, 69, 84, 84, 33, 63, 29, 48, 14, 7, 11, 10, 59, 5, 9, 7, 23, 
16, and 2. A few of the lesion counts cited are very low. It is possible that 
some of these lesions were from virus adhering to the tobacco leaves after 
wiping and do not represent virus increase. However, leaves were rinsed 
very thoroughly after wiping. 

Very little detectable virus adheres to tobacco leaves when they are prop- 
erly rinsed. Such leaves have been extracted immediately after being inocu- 


TABLE 4. — Belative amounts of virus detectable in the inoculated leaves of three 
types of tobacco when all leaves were inoculated as the plants were nearing maturity. 
Data in terms of lesions per bean plant. Extracts diluted 10~'^ with buffer 


Leaf groups 

Leaves 
in group 

Lesions per bean plant from 

T.I. 448A 

Ambalema 

Wisconsin- 
Havana Seed 


No. 

No. 

No. 

No. 

Upper 

4 

0.0 

0.8 

265.0a 

Upper middle 

6 

0.6 

0.5 i 

283.0 

Lower middle 

6 

4.7 

11.1 

381.0 

Lower 

6 

16.5 

6.0 

136.0 


a Because of the relatively low dilution, these counts are proportionally low in com- 
parison with those from T.I. 448A and Ambalema. 


lated and rinsed, and the extracts wiped on Scotia beans. Usually no lesions 
appear, but occasionally as many as 3 have been observed on a leaf. 

In a second experiment, 'similar inoculations were made on the upper, 
virus-free leaves of nearly mature plants of T.I. 448A that had virus in the 
lower leaves. All the inoculated upper leaves gave evidence of supporting 
virus increase of the order shown in the above test on those plants that were 
virus-free throughout before the inoculation. Thus it seems evident that 
virus present in the lower leaves did not induce resistance in the upper leaves 
of T.I. 448A. 

In a third experiment, T.I. 448A was compared with Ambalema and 
Wisconsin-Havana Seed. The plants were virus-free and were approaching 
the flowering stage. Beginning with upper leaves, which were 3 inches long, 
all leaves were wiped with a fresh native extract. Thirteen days later they 
were collected in groups of 4 to 6 leaves each and assayed on bean leaves. 
The number of lesions per bean plant induced by the extracts from the sev- 
eral leaf groups are assembled in table 4. 

The fact that the extracts were diluted 10"^ in this test may explain the 
absence of detectable virus in the upper leaves of T.I. 448 A. However, the 
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lower virus activity in leaves of the upper groups is evident, especially in 
the resistant types. The drop in activity in the lower leaves from Amba- 
^.ema and Wiseonsin-Havana Seed may be due to the fact that these leaves 
became senile earlier than the lower leaves of T.I. 448A. 

Leaves 3 to 6 inches long at the top of vegetating tobacco plants are dif- 
cult to wet because of the excessive waxy exudate and the compactness of 
the trichomes. This may explain some of the reduction in lesion counts on 
beans inoculated from these leaves. These factors, however, would not in- 
vo. ve more than tlm top 3 or 4 leaves wiped. The topmost group of leaves 
in the isconsin-Havana Seed produced much virus (Table 4) 

T Plant.-To determine the progress of virus in 

. . 448A and Ambalema when inoculated in an advanced stage of develon 
ment, a number of tests were made in comparison with Wiseonsin-Havana 

leaf extract from selected' macco taves plant iiiduced hy nondiluted 


Leaf 

ixisitioiisa 


32 

26 

.16 

12 


Lesi ons per bean plant from virus from 



T.I. 448A 

plant No. 


Ambalema, plant No. 

I 

II 

Ill 

IV 

I 

II 

III 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11 

0 

0 

6 

1 

2 

0 

10 

0 

3 

0 

0 

0 

33 

8 

7 

11 


time of L-om the base of the plan^L^ 

^ Inoculated leaves. ^ 

SpS'tr 6 intL “ 

stems near t^e g^owTng'piirb^ 

Ws „bers .0, 21, and 22, respectively, co^rg^iom^tZ^ 

leaves^ZrrdZs^XrinoZM^ chlorotic spots appeared on all wiped 
leaves, x; siZ f lo'^l “ f ’-T”" the new 

of Ambalema or T I 448A duriiZh any of the plants 

tion, the T.I. 4yA and AmtZ i f ^fter inocula- 

These plants ranged fL 6 to 74^Zt“tZw^Z™^ 
lV<'t in tl.e length of the main stem" !?! ’ represented a gain of 3 

above and 2 leaves below the mi + ' r • “®®^tion. At this time, 2 leaves 
aacl 3 of Ambalema were assa.Z T^e dT ^ 

The.se data show that tl unZ le! u ""^P'■®■^®“ted in table 5. 

w that the upper leaves collected from T.I. 448A contained 
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no measurable virus; the same was true in 2 of the plants of Ambalema. 
Downward progress in 6 of the 7 plants tested was evident. The virus was 
not detectable in 4 of the lowermost leaves assayed, and in Ambalema plant 
No. I there was no evidence of virus in any of the leaves tested. In all virus- 
containing leaves the virus was in very small amounts. 

A second test was conducted with T.I. 448A to determine if the virus 
might be detected more readily from assays made on the stem cortex. Dur- 
ing the winter all leaves on an approximately half-grown T.I. 448A plant, 
32 inches tall, were wiped on their tip halves with fresh nondiluted extract 
of Nicotiana virus 1. Thirty-two days later, the stem was divided into 
lower and upper groups, the inoculated and the noninoeulated portions of 
the leaves were batched, respectively, and prepared separately, the xylem of 
the stem was discarded, the cortex only being sampled. All tissues were 
finely pulped in a mortar and each nondiluted extract was wiped on the 
primary leaves of 5 bean plants. The data are presented in table 6. 


TABLE ^6 . — The presence or absence of Nicotiana nvnis 1 in dif event tissues of T.I, 
448A tobacco when the distal halves of all leaves ivere inoculated on a plant 30 inches tall. 
Assays made 33 days after the plants were inoculated. Samples not diluted 


Sample 

No. 

Location of tissue hi the plant 

Lesions per 
bean plant 

1 

Cortex from top half of stem above inoculated leaves, tip 

Number 


leaves included 

0.0 

2 

Cortex from lower half of stem above inoculated leaves 

0.0 

3 

Cortex from toj) third of stem in the inoculated zone 

0.2 

4 

Proximal halves of leaves from sample 3 

0.0 

5 

Inoculated distal halves of leaves from sample 3 

181.5 

6 

Cortex from central third of stem in the inoculated zone 

0.0 

7 

Proximal halves of leaves from sample 6 

7.0 

8 

Inoculated distal halves of leaves from sample 6 

342.0 

9 

Cortex from lower third of stem in the inoculated zone 

0.0 

10 

Cortex from base of stem below inoculated zone 

0.2 


From these data it appears that the virus progressed very slowly both 
in leaf and stem of approximately half -grown plants, and it appears that 
the stem tissues do not support any appreciable increase of the virus. Even 
though all leaves carried considerable virus in the inoculated tip halves, 
practically all of it remained in those halves. It is evident that but little 
increase of virus occurred in tissue outside of the portions inoculated. 

A third test was carried out to obtain data on the virus content of roots 
of middle-age and young plants of T.I. 448A and Wisconsin-Havana Seed 
tobacco. All plants were inoculated when very young and carried virus in 
the leaves at the time the roots were assayed. The roots were removed, 
washed thoroughly, and freed of surface water by means of soft paper. 
Phosphate buffer solution at pH 7 was added to the roots in double amount 
by W' eight and the mass was thoroughly pulped in a mortar. This thick 
liquid was assayed on 10 bean plants. The number of lesions per bean 
plant was as follows : 
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T.I. 448A: 
do 

Wisconsin-Havana Seed : 
do do do 


10 weeks old 
15 do do 
10 do do 
15 do do 


0.0 lesions 
0.3 do 
174.7 do 
134.3 do 


Like tlie stem tissues of T J. 448A tested, the roots of this genotype carried 
little or no virus. In contrast, the roots of Wisconsin-Havana Seed carried 
considerable virus. 

A fourth te.st was conducted with T.I. 448 A inoculated at six stages of 
p'owth, beginning with plants having 7 leaves and ending with plants hav- 
ing about 26 leaves. All plants were from the same seedling (Table 7). 

In counting the leaves, those at the base that appeared on the very small 
seedlings and those at the growing point that were shorter than 2 inches 
vvere disregarded. In each inoculation group one leaf near the top on each 
plant was wiped with uondiluted fresh virus extract from vigorous plants 
ot Wisconsin-Havana Seed tobacco. 

The plants were held until maturitv. The leaves were assaved at inter- 
TOls to determine the approximate end point of the virus in the plants, 
yell developed leaves were used for these exploratory assays because virus 
IS slow to eider the young leaves, and rarely enters the small apical leaves. 
In accord with Valleau’s (9) conclusion, s, these studies have failed to reveal 
le pre.sence of virus in detectable quantities in the small central leaves of 
resishint tobacco plants, except in one instance when a trace was present in 
1 ,. 'P-P 448A which had produced 10 

soluthnr leaf, and the extracts were diluted to 10'^ in buffered 

Wisconsin-Havana Seed to- 

fX::rn r; r ^ mo aie hat "1 

1 s' Sf r*', 125 mn.. Ion* 

smantt t’lf ct’et 1 i Tfi P^“'’ respectively. The 

] " ‘ Tided the tip cluster and the stein primordiiim The 

leaves were comseeutive. u nuomuun. me 

is notZ-!r7 it will be noted that the end point of the virus 

not sharp, especially when the plants were young when inoculated In 

h iTlMe" "" -«-d leaves above the inocuM^I lea 

twined 1™^ i-- «^ove these con- 

|arl.vpent,monmleaves’h:^^^^^^^^^^^ 

m - *iu. as could be determined by assay, the subsequent leav:: wei! 

sli.dlt L'’!df’.rtbe Snf"' it 

. t o n II as tl.e plants aged before they were inoculated. 

le to --its of 

O'ltci cut times. However, the conditions of these tests were 
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sucli that it is permissible to draw attention to the relatively high virus 
activity of the wiped leaves of T.I. 448A used in this test, in contrast with 
the low activity of the wiped leaves of the same tobacco, cited in table 4. 
The plants cited in table 7 were much younger, even in the last inoculation, 
than the plants cited in table 4. This seems to be the likely explanation for 
the differences in activity. In table 3 the relatively high virus activity in 
the basal-leaf sainjoles from the resistant tobaccos also is explained by the 
fact that these plants were very young when inoculated, although in this 
ease the basal-leaf samples did not include wiped leaves. 

Yirus m Relation to Side-shoots.^— To determine the presence of virus in 
the side-shoots of plants of T.I. 448A, tests were conducted with moderately 
young and also with old plants. In one test 5 plants, 12 to 14 inches tall, 
were cut back to within one inch of the soil line. Bean plants were inoeu- 


TABLB 7 . — Approximate end points of -virus in leaves of T.I. -USA ainve the inocu- 
lated leaf. Leaves niimhered from base of stem 


Position 
of the 
inoculated 
leaf counting 
from the base 
of the stem 

Position 
of leaf 
at end 
point of 
virus'^ 

Approximate 
position of 
leaf at point 
where virus 
failed to 
appear in 
consecutive 
leaves 

Lesions 
per bean 
plant from 
inoculated 
tobacco 
leaves^^ 

No. 

No. 

No. 

Ao. 

2 ! 

30 

22 

296 

4 

26 

18 

239 

6 

23 

15 


8 1 

25 

17 

197 

12 

12 


178 

24 

28 

c 

120 


a These data obtained by inoculating bean plants with leaf samples diluted in equiva' 
lent amounts of buffered solution. 

h These extracts were diluted 200 volumes in buffered solution. 

c There was no evidence of an appreciable increase of virus in the first three leaves 
above the inoculated leaf. The fourth leaf above induced only 0,3 lesions per bean plant. 

lated with a nondiliited extract from the lowest cut-otE leaves, and 34 lesions 
per bean plant were induced. Later the nondiliited extracts from the leaves 
of the side-shoots of the pruned plants were assayed on bean plants and 33 
lesions per bean plant resulted. 

In a second test, three, old, infected plants, 48 to 60 inches tall, were cut 
back, leaving stumps of main stem 12 inches long. One leaf was left at the 
top of each stump, and 2 side-shoots were allowed to grow from the 2 top 
buds of each stump. When the top branches were 10 to 12 inches long, the 
top and bottom leaves of each top shoot and the old leaves subtending them 
were sampled and assayed on beans. Nondiluted extracts froni composited 
old leaves on the central axis induced 18 lesions per bean ];)lant, but similar 
extracts from the leaves of the branches induced no lesions. 

In a third test a part of the plants were cut otf at the soil line and others 
12 inches above it. When side-shoots wTre from 6 to 12 inches long, their 
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All samples failed to 


leaves and stein cortices were assayed on bean plants, 
show virus. 

In a fourth test a .small side-shoot with 9 leaves wa,s found 2 inches from 
the soil line on an old, infected plant 50 inches tall. Assays of nondiluted 
extracts from the leaves of this side-shoot revealed no lesions on bean plants 
whereas nondiluted extracts from the 2 lower leaves on the main stem in- 
duced 11 and 44 necrotic lesions per bean plant, respectively. 

As with the virus-free leaves of the upper main stem, leaves of the side 
branches of T.I. 448A were found to be capable of increasing the virus. 
Five leaves of side-shoots on 5 infected plants were sampled by removing 
a lateral half of each leaf. These samples were assayed on bean plants 
wdhout dilution, and found to be free from detectable virus. The halves 
still attached to the side-shoots were then wiped with fresh native virus 
extract, 11 days later, these half leaves were extracted, and, without dilu- 
tion, assayed on bean plants. These extracts induced 146, 108, 11, 107, and 
60 lesions per bean plant, respectively. 

It is obvious from the data presented that virus did not enter side-shoots 
from the primary stem in measurable amounts except when the shoots devel- 
oped while the infected plants were young. The leaves of the side-shoots 
are capable of increasing a limited amount of virus. 

leMs for Starch Patterns . — Numerous tests were made to determine if 
the .syniptomless leaves of T.I. 448A that were known to carry Nicotiaua 
virus 1 might exhibit local disturbances in starch production or starch diges- 
tion. Leaves from infected plants, wiped leaves, and virus-free leaves were 
collected at different times of the day, boiled in water, decolored in boilimv 
aJcoliol, rimsed in warm water, and stained in the standard starch-testing 
solutions. In no case was it possible to detect any essential differences be- 
tvven leaves carrying virus and those not carrying it. When the occasional, 
iainf, light-green areas were evident on the infected leaves, the starch- 
Iiattern test showed the,se spots as light areas sometimes containing light- 
blue eeiiters and faint rings. 

Grnmg Test. -Healthy plants of T.I. 448A and Wiseonsin-Havana 
Seeil tobacco were placed with their stems in close proximity in large earthen 
pots. Y hen the plants were 12 to 14 inches tall, the cortex and cambium 
were removed from the apposing areas of the stems at a point 6 to 8 inches 
above he soil line. The cut surfaces were brought in close contact with 
each other by means of raffia wrappings. The Wiseonsin-Havana Seed 
Jilants were inoculated with Nicotiaua virus 1 and all developed mosaic. 

As soon as tissue unions were evident, the stems of T.I. 448A between 
the soil line and the union were removed. The T.I. 448A plants did not 

at 1 dilution 1.1 3 to a parts of buffered solution. Tlie results from one 

.11, 38. 42, 43 and 45, and no virus m the leaves bevond. The traces of virus 
-'••■ced from 0.66 to 20 necrotic lesions per bean plant. LeaveXis and 
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46 on tJie infected stock of Wisconsin-Havana Seed contained sufficient virus 
to induce 55.6 necrotic lesions per bean plant when diluted to 10 in buf- 
fered solution. 

In comparison with tables 5 and 7, it will be observed that detectable 
virus was recovered higher in the cions of T.I. 448A than was the case when 
the direct inoculation method was used on independent plants. 

DISCUSSION AND CONCLUSIONS 

There seems to be little doubt that T.I. 448A is more resistant to the virus 
of common mosaic (Nicotiana Virus 1) than is the strain of Ambalema to- 
bacco under study. It appears that T.I. 448A greatly reduces the virus 
reservoir. Failure to find appreciable amounts of virus in the roots and 
upper leaves, and the relatively low virus content of the lower leaves should 
greatly reduce the amount of virus overseasoning in these plant residues in 
the soil. 

Chemical analyses carried out by Martin (7) and by Hills (2) indicate 
that the protein content in the leaves of T.I, 448A infected with Nicotiana 
Virus 1 is relatively low or even less than it is in leaves of virus-free plants. 
When the soil was maintained at a high nitrate level, the protein content of 
the infected leaves was slightly higher than normal, but when the nitrate 
level was low, the protein content of the infected plants tended to be equal 
to or below normal. High protein content is undesirable in commercial 
tobacco, and, from the data available, it appears that this factor will be of 
little or no consequence in infected commercial tobaccos carrying the resis- 
tance of T.I. 448 A, especially in the major tobacco areas in the Southern 
United States, where low levels of nitrogen in the soils are maintained. It 
is possible that factors for the T.I. 448A type of resistance are present in 
the Ambalema collections. 

Aside from the practical aspects of this survey, the results seem to justify 
the following conclusions : (1) Nicotiana Virus 1 does not move about freely 
in resistant plants; (2) virus rarely, if ever, enters the very young leaves 
of the growing tips of the resistant plants in detectable quantities, especially 
when the plants have advanced beyond the ten-leaf stage; (3) in T.I. 448A 
this virus-free zone involves from a fourth to a half of the plant at the time 
of maturity; (4) virus synthesis in the inoculated leaves of resistant plants 
tended to be less in the upper leaves of old plants than in the upper leaves 
of young plants, and the upper leaves of old plants tended to be more resis- 
tant than the lower active leaves, indicating that the successive leaves are 
increasingly resistant to virus synthesis. The basis for this resistance is not 
known. When leaves are inoculated by wiping, the number of vulnerable 
points for entry and the susceptibility of these points must be taken into 
consideration. 

The evidence obtained in the grafting test indicates that the virus did 
move farther in T.I. 448 A cions on infected Wisconsin-Havana Seed plants, 
than was the case when young T.I. 448A plants were inoculated directly. 
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Wlieu one considers the large quantities of virus in the susceptible Wiseon- 
sin-Havana Seed plants, this observation is not surprising. However it is 
clearly evident from tlie data that little virus reached the upper leaves of 
the resistant cions. 

This observation and the results from the direct inoculations suggest that 
tlie channels of virus flow are restricted in some manner in T.I. 448A. On 
Oie other liand, it is quite possible that these channels in resistant plants are 
ni no way different from those in susceptible plants. If this is true, it would 
appear that the distance which the majority of virus particles travel in the 
plant tends to be limited to a considerable degree, and that movement over 
long distances is accomplished, for the most part, by stages between zones 
of synthesis and by relatively few particles that get into the main vascular 
chamnds. After the virus enters the growing-point zone of the stem in 
highly susceptible plants, the problem of movement into all .subsequent leaves 
is givutly reduced, in comparison with the situation in resistant plants whose 
growing points seldom, if ever, receive virus from the zones of synthesis. 

Holmes (3), working with common mosaic in Turkish tobacco, a very 
su.sceptible type, presented data which make it appear that the bulk of the 
virus tends to remain in or very near the infection sites for a long time, a 
small amount trickling out to start new infection sites. If a similar sitiia- 
tion obtains in T.I. 448A, with its low level of virus synthesis, it is evident 
that the amount of virus moving out of the infection sites gradually ap- 
proache,s the zero point as infection proceeds in the increasingly resistant 
leaves of the growing plant, and in the test cited in table 5, the more rapid 
progress of the virus down the plant may have been facilitated by the appar- 
■'*^^®ceptibility of the leaves as we proceed in that direction 

(i able 4). 

hesrstant tobacco is of value for studies on virus movement, but further 
study will be required to determine if the results obtained with resistant 
plants can be applied directly to highly susceptible plants 

To the student of gross pathology, T.I. 448A falls in the class of so-called 
symptomless carriers, and is immune from the mosaic disease. However 
Irom the standpoint of those who are concerned with the solution of the 
basic problems encountered in resistance and immunity, the interest must 
go beyond_ gross symptoms. These investigators must concern themselves 
with the minor as well as the major signs of disease in resistant and in highly 

iHsS ifr'"'"'' hi “ approached in such a manner^ 

it _i,s difiieult to escape the conclusion that natural immunity should be deter- 

nimed puniarily on the basis of nonsupport of a pathogen rather than on a 
Msi,s ot .symptonis. In T.I. 448A, the virus induces slight changes (2) in 
the oxidase, catalase, peroxidase and protein, but as .slight as these ehan-es 
my d.ey do represent signs of disease. As indicated in an earlier note (5) 

.signlof (U.seaslf is totally free from 

biuiEAp OP Plant Industry Station, 

P>KLTSVILI.E, Md. 
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GROWTH OF PHYTOPATHOGENIC BACTERIA IN A 
SYNTHETIC ASPARA6IN MEDIUM 
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Harold P . K l e i n a n d Charlotte B . S i s s e l m a n 
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During an investigation of the nutrition of phytopathogenic bacteria, it 
became necessary to use a variety of synthetic media. In this connection 
experiments were performed to determine for the grovdh of the bacterial 
phytopathogens the suitability of a medium containing asparagin as the sole 
source of both carbon and nitrog’en. 

^ Use of synthetic asparagin media is not new to bacterial plant pathology, 
bmith (14, 15) records several eases where asparagin sufficed as the nitrooA 
source for phytopathogenic bacteria. Clara (4) reports that the 19 species 
ot green-fluorescent pigment-producing plant pathogenic bacteria that he 
tested, grew ni a medium containing asparagin as the only carbon and nitro- 
gen source. Burkholder (2) states that the members of the yellow-pic. 
mented “Pkyionionas canipestm group” do “. . . not utilize asparaciu as 
a source of carbon and nitrogen, as the green fluorescent [phvtopathogenic 

Ismu ummmsJ forms do . . . ” and, in a personal communication, explains 

tliat this statement is based on unpublished observations he had made of the 
growth of these species in Clara’s (4) asparagin medium. As has been 
noted (1, 2 3, 6, 7, 16), the genus Phytomonas Bergey et al. is composed of 
.seveial unlike ^groups of phytopathogenic bacteria. Heuee, it appeared 
velj that confirmation of the foregoing and an extension that would in- 
c lic e representatives of all the different groups comprising that outmoded 
genus, would aid iii establishing the validity of the groupings that have bln 
recommended (2, 6, 7, 16). ® 

EXPERIMENTAL 

sistin Allfill!! seventy-three isolates of plant-pathogenic bacteria, eon- 
. . tm^ of 66 species and varieties, were tested for their ability to grow when 
transferred repeatedly in a synthetic asparagin medium. In the main Tel 
ISO ates are the same as those cultured by Starr and Burkholder (16) in 

louln 1 Z to that publication will give addi- 

iioiiai xnfoimation concerning each culture 

^H4,. 
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Throughout this investigation, all glassware was cleaned by soaking in 
diehromate-snlphuric acid cleaning solution for at least 24 hours, washing 
thoroughly in tap irater, and then rinsing several times in distilled water. 
Careful cleaning is essential in order to eliminate the minute quantities of 
organic matter that ordinary washing does not remove and which might be 
used by the bacteria in lieu of asparagin. 

Actively growing cells from agar slant cultures were transferred to the 
synthetic asparagin medium. To avoid contamination of the synthetic 
medium with unknown substances that might support growth instead of the 
asparagin, the inocula were kept small and care was taken to carry over 
cells and not agar. It is inevitable, however, that certain metabolites asso- 
ciated with the cells will be introduced ; these might account for growth in 
the first transfer. Since it is the opinion of experts in the field of bacterial 
nutrition (9, 10) that this added material can be eliminated by several suc- 
cessive transfers in the medium, the asparagin cultures were transferred 
serially by wire loop to fresh asparagin at 4- to 6-day intervals. To prove 
that failure to grow in the asparagin medium is to be attributed to the 
insufSciency of this medium rather than to dead inocula, transfers usually 
were made at the same time to plain nutrient broth as follows : 

Transfer Transfer Transfer Transfer 

I II III IV 

Agar slant > Asparagin ^Asparagin >Asparagin — -» Asparagin 

\ . \ \ 

Plain broth Plain broth Plain broth 

In all cases, the organisms grew in these nutrient broth controls. 

All cultures were incubated at 27° C. and examined daily for growth. 
Growth was defined as a di.stinet turbidity within 6 days after inoculation 
and was cheeked by gram staining the last culture in each series. The 
results of these experiments are presented below. 

For reasons discussed in detail elsewhere (2, 16),. the generic names of 
the species listed in the following paragraphs have been changed from 
Phytomonas to those now considered more appropriate ; viz., Xanthomonas 
Dowson (6) for the members of the yellow-pigmented “Phytomonas cani- 
2 :)estris group” (2) ; Pseudomonas Migula for the green-fluorescent pigment- 
producing and related phytopathogenic bacteria (4, 6, 12) ; Agrolactermm 
Conn (5) for the members of the tumor-forming “Phytomonas iumefaciens 
group” ; Corynehacternm Lehmann and Neumann for certain of the gram- 
positive forms (7, 8, 13, 17) ; Phytomonas Bergey et al. is retained for those 
phytopathogenic bacteria still of doubtful systematic position. 

The notation after each name is the designation now used for the isolate 
in the stock-culture collections of W. H. Burkholder, Cornell Universit.\', 
and of the Bacteriological Laboratory at Brooklyn College. The number in 
parenthesis refers to the designation used for that culture by Starr and 
Burkholder (16). 
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The pliytopatliogenic bacteria that grew through 4 successive transfers 
in the synthetic asparagin medium are: Agrohacterium gypsophilae TGI 
(NB), A. racUohacter TRl (H), A. savasfanoi TS3 (COS), A. savastanoi var. 
/ra.rmi TSl (NB), ^1. tonelliamiim TTl (COS), A. tumefaciem TT2 (B2) ; 
TT3 (B6), Cot'ijnehacterium fascians CPI (E) ; CP2 (S), Phytomonas siew- 
artii SS2 (S16) ; SS3 (S15) ; SS6 (B93) ; SS8 (B95) ; SS9 (B96) j SSll 
(3152) ; SS12 (3153) ; SSI3 (3154), Pseudomonas alliicola PA5 (4) ; PAG 
(1), P. angidata PA3 (B99) ; PAll; PA12, P. atrofaciens PA13; PA14, P. 
herberidis PB3, P. caryophylli PCS (3) ; PCS (K8), P. cichori PCI (G18), P. 
corona faeiens PC17; PC18, P. delpkinii PDl (636), P. gly cinea PGl ■, PG2; 
PG3; P64; P65;. PGG; PG7, P. jaggeri PJl, P. lachrymans PLl (G12) ; 
PL3, P. lapsa PL2 (Ark), P. macidkola PMl (G37), P. medicaginis var. 
■phaseoUcola PM3 (G3) ; PM4 (G31) ; PM5 (G29) ; PM7, P. mellea^ PM8, P. 
papidans PP4, P. pisi PPl (G32), P. polycolor PP2 (611), P. primtdcK 
PP3 (Ark), P. solanacearum PS14; PS15, P. striafaciens PSl (70), P. 
syrmgae PS2 (B38) ; PS3 (IMS) ; 84 (B70) ; PS5 (SyF) ; PS6 (G21) ; PS7 
(628) ; PS8 (624) ; PS9 (Syl) ; PSll (620) ; PS12 (619) ; PS13 (67), P. 
talad PTl; PT3; PT4; PT5; PT6, P. tomato PT7; PT8, P. viiurni PVl 
(1) ; PV3 (3), P. virkliflava PV5 (65), P. viridilivida PV4 (G23). 

The phytopathogenie bacteria that did not grow in the synthetic aspara- 
gin mediimi ave: Agrobacterium ritbi TE2; TR3, Corynebacterium flaccim- 
facicns CP3“ (Si) ; CFG (S4) ; CF8“ (S6) ; GF9 (S7) ; CFIO (S9) ; CPU 
(S20) ; CF12 (S31), C. imidiosum Cll (S23) ; C12 (S21) ; C13 (S34), C. 
micklganense CMl (S29) ; CM2 (S18) ; CM3 (S30) ; CM4 (Sll), C. poinset- 
tme CPI ; GP2 ; CP3 ; GPS ; CP13 ; CP14 ; CP20 ; CP21 ; CP27 ; CP31 ; CP35 ; 
CP37; CP39; CP41, Phytomonas manihotis SMI (E2) ; SM2 (R3) ; SM3 
(E4) ; SMS (4) ; SM6 (El) ; SM9, P. mors-prunorum PM6 (B69), P. stewartii 
SSI" (S13) ; eight isolate.s do grow (c/. preceding list and text), P. tardicres- 
cea.>,-STl (826) , Xanthonmias barhareaa XBl (Bl) ;XB2 (BE), X. hegoniae 
XB3 (96) ; XB6, Z. campestris XCl (85) ; XC2 (86) ; XC3 (E4), Z. campes- 
tris var. armoraciae XC4 {m),X. corylina XCS" (78), Z. geranii XGl (2) ; 
XG2 (3); XG3 (5); XG4 (61); XG5 (87); X66 ( 89), X. gummisudans 
XG7 (94), X. hederae XHl (16) , X. incanae XII (Stl) ; XI2 (St2) ; XI3 
(St3), Z. juglandis XJl (77) ; XJ2 (79), Z. malvacearum XMP (1) ; XM2" 
(B87), Z. papaverkola XP5 (47), Z. pelargonii XP6 (92) ; XP7" (93) ■ 
XP8“ (100), .r. 2 )haseoliXPl (H) ; XP2 (B16) ; XP4 (E2) ; XP14 (MPS)’ 
Z. phaseoll var. sojense XP3 (11), X. pruni XPO" (B65) ; XPIO" (1) • 
XPll" (2) ; XP12" (3) ; XP13“ (B67), Z. translucens XTl (90), Z. trans- 
luccHs f. sp. hordei-avenae XT6, X. translucens var. undulosa XT4 (91) ; 
XT5 (83), A', vaseulonm XVl" (49), Z. vesicatoria XV3 (1) ■ XV5 (3) • 
XFO (4^) ; XV7 (5) ; XV8 (6) ; XV9 (7) ; XVIO (8) ; XVll" (13) ; XV12 
(.)8) ; X\ 13 (L6) ; XV14 (99) ■ XV15" (VI), Z. vesicatoria var. raphani 
X\M6 (Lll), Z. uEwms XV2 (14). 

.winn™," tohiclity in the first transfer to the synthetic 

\ I- ewe ■ t 1 ; mtitf r u ^ J “ subsequent transfers in this medium. 
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DISCUSSION 

The data presented in the foregoing show that the members of the out- 
moded genus PJiytomonas Bergey et al. vary in ability to grow in a medium 
eontaining asparagin as their only source of both carbon and nitrogen. It 
should, however, be recognized that certain of the groups comprising this 
genus act characteristically in this medium : all 60 isolates of phytopatho- 
genic Pseudomonas grow^ well on repeated transfer in the synthetic medium, 
while none of the 57 Xanthomonas isolates can do so. This confirms the 
work of Clara (4) and of Burkholder (2) mentioned above. It must be 
noted, how^ever, that some of the Xanthomonas isolates do product a slight 
turbidity in the first transfer in the synthetic asparagin medium. This 
growth probably occurs at the expense of nutrients carried over wuth the 
inocula, wdiich are frequently heavy in this group because of the slimy 
nature of the growth on agar. There is no growth of any of the Xantho- 
monas species on subsequent transfer in the asparagin medium and, more- 
over, the scanty turbidity produced by these species in the first transfer 
at no time approaches in quantity that made by the Pseudomonas isolates. 

The genus Agrolaoterium was recently established in the Ehizobiaceae 
by Conn (5) to include the gall-forming phytopathogenic bacteria and re- 
lated soil forms. Isolates of the type species, Agroloacterium tumefacicns, 
as well as of A. radiohacter, A. toneUimmm, A. gypsophilae, and A. savas- 
tanoi gro^Y well in the synthetic asparagin medium. Accordingly, it is inter- 
esting that the cane gall organism, A. ruM, which is otherwise closely related 
to A. tiimefacienSf cannot grow at all in the asparagin medium. Kelevant to 
this is Pinckard’s (11) observation that A. nrhi grew only slightly in a 
giueose-asparagin medium in wEich other members of this group grew well. 

■\Vhen one considers the relatively complex nutritive requirements of 
Corynehacterium diphtheriae (10), it is not surprising that the phytopatho- 
genic CoryneMcterium species fail to gro\v with asparagin as the only source 
of carbon and nitrogen. The only exception is C. fascians, which grows 
rapidly and luxuriantly in this medium; perhaps this species is not now 
classified correctly. 

Dowson (6) placed the corn-wult bacterium, Phytomonas steivartiiy in the 
Xanthomonas, although Burkholder had excluded it from the equiva- 
lent ^‘Phytornonas proper” group (3). This organism possesses certain 
characteristics which differentiate it from most species of Xanthomonas, viz., 
lack of flagella (3, 15), failure to peptonize milk (3, 15) or to produce hydro- 
gen sulphide, inability to attack cottonseed oil as shown by the spirit blue 
agar technique (16). To these differences, there now can be added the 
ability of P. stewartii to grow in a medium in which asparagin is the sole 
carbon and nitrogen source, as contrasted with the inability of typical 
Xanthomonas species to grow under identical conditions. This asparagin 
medium is not completely suitable for the maximal development of P. 
sfeumrtiini^ was rather slow and, indeed, one atypical isolate 

(SSI) did not grow after the first transfer. However, some significance 
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iniist be attaclied to the fact that 8 of the 9 P. steivartii cultures tested pro- 
duced a distinct growth through 4 successive transfers in the synthetic 
asparagin medium while no typical Xanthomonas isolate ever did. For the 
aforementioned reasons, it is recommended that the corn-wilt bacterium 
be excluded from Xanthomonas and that the name Phyfomonas steivartii be 
retained until such time as the exact taxonomic position of that species be 
determined. 

SUMMARY 

A series of 173 isolates of phytopathogeiiic bacteria, consisting of 66 dif- 
ferent species and varieties, was tested for the ability to grow through 4 
successive transfers in a synthetic medium that contained asparagin as the 
only source of both carbon and nitrogen. Certain of the genera and groups 
comprising the outmoded genus Pkytomonas Bergey et al. have a distinctive 
action on this medium. Accordingly, this characteristic may be valuable in 
classifying the bacterial plant pathogens. 

Bacteriological Laboratory, 

Brooklyn College, 

Brooklyn, New York 
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A BOTRYTIS DISEASE OF LUPINES^ 

J . L . W E I M E R 
(Accepted for publication July 28, 1942) 

INTRODUCTION 

For tlie past few years 3 species of imported lupines {Luiyinus angusti- 
folius, L. alius and L, luteus) have been grown experimentally in the South- 
eastern United States, and L. ayigusiifolms has become fairly well estab- 
lished as a winter cover crop. Owdng to their lack of winter hardiness 
lupines can be grown only over a very limited area and, even then, they may 
be severely injured in cold winters. In February, 1938, following a Janu- 
ary freeze, which injured some lupine plantings severely, a disease was quite 
abundant at Tifton, Georgia, and to a less extent at Gainesville, Florida. 
Whether the disease was actually responsible for the dying of the plants or 
was simply following the freezing injury was not clear. The nature and 
severity of the disease, however, seemed to jiistif 3 ^ investigation, and it is the 
purpose of this paper to record the consequent results. 

SYMPTOMATOLOGY 

Large plants, some already in bloom, showed all degrees of injury. 
Some had been dead for a considerable period, others were dwarfed, and 
still others had made good growth and then were being partl^y or entirely^ 
killed. An examination showed that cankers, sometimes several inches long, 
in the main stem near the soil or at different distances above, were girdling 
the stem and causing death of the part above. In some instances only a 
portion of the top or small branches w^ere d^dng. The cankers usuall^b if 
not always, had a small infected or dead stem at or near the center, suggest- 
ing that this was the point of attack that resulted in the death of the part 
affected. Sometimes, leaflets, petioles, or stipules, were involved. Stem 
girdling eventually resulted in the Avilting and death of the parts above. 
When a leaflet or other small organ AA^as attacked, it died rapidly”, and the 
petiole or branch and often the large branches or the main stem itself became 
involved and killed. Something of the nature of the injury^ is apparent in 
figure 1, A. Here are shown 2 large plants, the one at the right is healthy 
and that on the left is wilting and the leaves drooping because of a large 
canker near the ground, not evident in the picture. The cankers are usually?' 
greenish to brown and may be smooth or have a grayish coating of fungous 
m^ycelium and conidiophores. The nature of the cankers is shoAvn in figure 
1, C, and an enlargement of the same cankers after being held in the moist 
chamber for 4 days is shoAvn in figure 1, D. The stem at the left in figure 
1, C, shoAvs small dead branches that served as the avenue through AAdiieh 

^ Coopeivative mvestigations between the Division of Forage Crops and Diseases, 
Bureau of Plant Industry, United States Department of Agriculture, and tlie Georgia 
Agricultural Experiment Station, Experiment, Georgia, Paper No. 100, Journal Series, 
Georgia Agrieultiiral Experiment Station. 
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the larger stem was invaded. Similar dead twigs are almost always present 
in the cankers. The stem at the right shows the fungus fruiting on the 
surface as it does under moist conditions, such as during a rainy period. A 
clearer view of what these cankers look like during a wet spell is shown in 
figure 1, D. Here the fungus has come out of the tissue and fruited over 
the surface of the lesion. 

ETIOLOGY 

A study of the fungus fruiting on the surface of the lesions and isolated 
from the inner tissues showed that it was a species ot Botrytis. Inocula- 
tions w^ere made to determine whether this fungus was able to attack healthy 
plants or simply followed into frozen tissue. Field evidence seemed to sup- 
port both possibilities. The disease is seen in the field, af least, more com- 
monly following a cold -winter. Nevertheless there seemed to be instanees 
where it was attacking young twigs that had developed since any frost had 
occurred. 

Inoculation experiments were made in which a heavy suspension of 
spores from a pure culture of the fungus in tap water was atomized onto 10 
seedlings of Lupimis angustifolius that varied in size from just out of tlie 
soil to 3 inches tall. The terminal buds of some plants were not yet exposed, 
while the first true leaves of other plants were fairly well-developed. The 
plants were held at laboratory temperature (60-75^^ C.) under bell jars for 
72 hours. No infection resulted in any of the plants. The cause for the 
total lack of infection wms not evident but it was thought that the mean 
temperature might have been too low^ 

Since Botrytis belongs to a group of fungi some of which need a sapro- 
phytic start before being able to invade healthy tissue, the above experiment 
was repeated but with bits of inoculum (hyphae) with or without agar at- 
tached. The mycelial felt was broken up into small pieces in wmter and 
applied to the plants with a brush. Four days after these inoculations were 
made 3 plants out of 9 showed infection. The fungus grew from the pieces 
of inoculum into the tissue and caused a rapid decay of the invaded parts. 
In some cases petioles were entirely decayed through and the leaves wilted ; 
in other instanees the fungus had entered the plant through the leaf axil; 
in still others the cotyledons were invaded. In one pot 5 out of 10 plants 
were infected. Infection took place through the leaf blade, petiole, stipule, 
terminal bud, or cotyledons, but not through the main stem. The latter was 
invaded and killed, but only after the fungus had first attacked some young 
tender part serving as a point of entry. Figure 1, B, shows 3 of the inocu- 
lated plants. The 2 at the left have been invaded through the cotyledons, 
while the terminal bud of the plant at the right was killed. The fungus was 
reisolated from the decayed tissue and its parasitism again proved. None 
of the control plants were attacked. . 

These experiments show that Botrytis mi\ attack young healthy plants 
and produce symptoms similar to those seen in the field. No freezing or 
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other injury is necessary. It is believed, however, that a high humidity is 
essential and it also seems probable that infection can take place, more read- 
ily at least, if some provision is at hand to permit the fungus to get a sapro- 
phytic start. For example, pieces of infected tissue broken from a diseased 
plant might become lodged in the axil of a leaf and under conditions of high 
hinnidity the fungus grow from the diseased into the healthy tissue. It is 
possible that spores might fall onto a part of a healthy plant where dirt or 
organic matter has accumulated that would provide the necessary food for 
the beginning of active growth. The fungus also may find suitable condi- 
tions for infection in the organic matter at or near the surface of the soil. 
Frozen tissue, under conditions suitable for the rapid development of the 
fungus, doubtless provides an ideal infection court. This accounts for the 
abundance of the disease following a freeze when the fungus can attack 
many parts of the plant and greatly augment the damage done by low 
temperature. 

The causal fungus is easil}^ isolated and grows well on all media tried by 
the writer. On potato agar with 2 per cent dextrose added, there develops 
a rather dense grayish mat, nearly black next to the medium in the lower 
lialf of the slant. Little or no fruiting occurs on this medium. On oatmeal 
agar the fungus forms a loose hyphal growth instead of the dense mat, as on 
potato dextrose agar. A large part or all of the space between the agar 
slant and the wall of the tube usually is filled with the loose grayish myce- 
lium, similar to that seen on the cankers during wet weather. The fungus, 
ordinarily, does not sporulate abundantly on culture media. It fruits fairly 
well, however, when grown on oatmeal agar on a long slant in a large test 
tube. The spores range from 8.4-13.65x6.8-10.5 p (average of 50 spores 
10.6 X 8.2 p). The mycelium on oatmeal agar ranges from 8 to 12.6 p in 
diameter. 

A study of the fungus leaves little doubt that it belongs in the Botrytis 
cmerea group. ^ It has the typical cinerea type of conidiophore. Irregular, 
mid-size, black sclerotia are produced rather sparingly in culture and prob- 
ably in or on the host, although they were not seen on the latter. These 
sclerotia, no doubt, serve to carry the fungus over from one crop season 
until the next. No apothecial stage has been seen. 

What appears to be the same disease is described by Curtis‘S in New 
Zealand, by Dippenaar^ in South Africa, and by Pape" in Germany. The 
disease probably is coextensive with the crop. 

CONTROL 

As is the case of diseases caused by other soil-borne fungi, the botiytis 

i ecouausion was confirmed by H. H. Wlietzel, Cornell University, Itliaea, N. Y., 

who kindly examined cultures ot the fungus, 

24(l-24(i"'*a92^‘ diseases of blue lupine. New Zealand Jour. Agr. 26: 

Vnh-. Lnpienplante yoorkom. Ann. 

19‘7 * laipine. Landw. Zeit. 47: 316-318. 
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disease of liipiiies is diffleiilt to control. Certain rather obvious preeaiitioiis 
may aid in reducing losses. Some of these are: practice rotation, avoid 
wet areas, do not plant seed too thick, use only the hardiest varieties avail- 
able, and do not attempt to grow the crop too far north until more winter- 
hardy selections are available. 

SUMMARY 

A disease of lupines caused by a fungus of the Botrytis cinerea group is 
described. This disease characteristically produces cankers on the stems 
or branches, often girdling them and killing the parts above. Although not 
essential for infection, frozen tissue forms an excellent infection court and 
damage caused by late spring freezes may be considerably augmented b}^ 
the fungus. 


PHYSIOLOGIC PACES OP USTILAGO NIGEA^ 


V . F . T A P K E 

(Accepted for publication June 16^ 1942) 

TJstUago nigra Tapke, described in 1932 as a seedling-infecting loose smut 
of barley (2), is now apparently as widespread and damaging in the United 
States as U. nuda (7), the well-known floral-infecting loose smut of barley. 
The estimated annual loss caused by these smuts (7) amounts to 2,000,000 
bushels, a loss that now may be halved through seed treatment with certain 
easily applied surface disinfectants, as V. nigra is readily controlled bv 
these chemical treatments (2, 3, 7). The problem of control, however, may 
be greatly simplified through the use of varieties resistant to both TJ. ’nuda 
and TJ. nigra. To aid in breeding for resistance against U. nigra, a study 
of physiologic races in this species, therefore, was begun. The present 
report embraces the results of the 7-year period, 1935-1941. 

EARUEB RESEARCH 

Two physiologic races in TJsiilago nigra were first reported in 1936 (4). 
In a recent abstract, Josephson (1) notes the occurrence of 5 distinct races 
and possibly 3 others in a barley loose smut referred to as TJ. mediam (U 
nigra) (6, 7). 

MATERIALS AND METHODS 

The experiments reported herein were conducted at Ithaca, New York 
in 1935 and from 1937 to 1941, inclusive.^^ The technique was the same as 
that described in a study of physiologic races of covered smut of barley 
{Unfdago hordet) (5). The differential liosts were pure lines of Excelsior 
(C.I. 1248), Haunchen (C.I. 531), Himalaya (C.I. 1312), Lion (C.I. 923) 
Nepal (C.I. 59o), and Odessa (C.I. 934). One hundred and sixty-ei^ht 
collections of V. nigra were tested, including the 10 studied in 1935 on which 
a iirevions report was made (4). The percentages of smut were based on 
counts of 300 heads per row in duplicate seedings each year. 

As the different races were isolated, a type collection of each was selected 
and continued in the later tests. The inoculum of each race was collected 
from the variety tiiat most clearly differentiated it from others. The dif- 

erent races were identified by the general resistance or susceptibility of the 
differential varieties. i .r c 

experimental results 

^ Seven distinct physiologic races were isolated in the study of the 168 
xiollections ot Vst ilago nigra. The reaction of a type collection 'of each race 

rianlnr:" C-ps and Diseases, Bureau of’ 

tural Experiment Statimn ot Agi, culture, and the New York (Cornell) Agricul- 

wriler is indriited to^Br assistance, the 

at Cormdl Pniver.sity. department of Plant Breeding 
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beginning -vvitli the year in which it was isolated, is presented in table 1. 
Races 4 and 5 are the two described in 1936, but not numbered (4) . The 
results show consistent differences in the pathogenicity of the different races. 
It is evident that conditions for smut were better in some years than in 


TABLE 1. — ‘Percentages of loose smut produced on six differential varieties ‘by seven 
physiologic races of Vstilago nigra 


Eace 

No. 

Year 

Smutted heads in 

Eace identified 
mainly by the 
susceptibility of 

Excel- 

sior 

G.I. 

1248 

Hann- 

ehen 

G.I. 

531 

Hima- 

laya 

GJ. 

1312 

Lion 

G.I. 

923 

Nepal 

G.I. 

595 

Odessa 

G.I. 

934 



Per 

Per 

Per 

Per 

Per 

Per 




cent 

cent 

cent 

cent 

cent 

cent 


1 

1937 

0.0 

0.0 

0.0 

0.0 

0.0 

4.0 

Odessa 


1938 

0.0 

0.0 

0.0 

0.0 

0.0 

36.0 



1939 

0.0 

0.0 

0.0 

0.0 

5.0 

65.0 



1940 

0.0 

0.0 

0.0 

0.0 

0.0 

42.0 



1941 

0.0 

0.0 

0.0 

0.0 

0.0 

29.0 


2 

1937 

0.0 

12.0 

0.0 

0.0 

0.0 

24.0 

Hannclieii and 


1938 

0.0 

42.0 

0.0 

0.0 

0.0 

53.0 

Odessa 


1939 

0.0 

51.0 

0.0 

0.0 

0.0 

65.0 



1940 

0.0 

24.0 

0.0 

0.0 

0.0 

49.0 



1941 

0.0 

15.0 

0.0 

0.0 

0.0 

17.0 


3 

1938 

0.0 

0.0 

0.0 

20.0 

0.0 

55.0 

Lion and Odessa 


1939 

0.0 

1.0 

0.0 

17.0 

0.0 

81.0 



1940 

0.0 

0.0 

0.0 

9.0 

0.0 

57.0 



1941 

0.0 

0.0 

0.0 

4.0 

0.0 

33.0 


4 

i 1935 

0.0 

33.0 

0.0 

37.0 

0.0 

60.0 

Hannchen, Lion and 


1937 

0.0 

20.0 

0.0 

16.0 

0.0 

55.0 

Odessa 


1938 

0.0 

29.0 

0.0 

19.0 

0.0 

62.0 



1939 

0.0 

46.0 

1.0 

24.0 

2.0 

82.0 



1940 

0.0 

33.0 

0.0 

22.0 

0.0 

55.0 



1941 

0.0 

30.0 

0.0 

17.0 

0.0 

35.0 


5 

1935 

0.0 

16.0 

17.0 

3.0 

32.0 

48.0 

Hannchen, Hima- 


1937 

0.0 

29.0 

28.0 

8.0 

43.0 

39.0 

laya, Lion, Nepal 


1938 

0.0 

9.0 

19.0 

13.0 

20.0 

45.0 

and Odessa 


1939 

0.0 

28.0 

36.0 

15.0 

54.0 

70.0 



1940 

0.0 

25.0 

28.0 

11.0 

21.0 

52.0 



1941 

0.0 

8.0 

10.0 

3.0 

5.0 

18.0 


6 

1937 

21.0 

8.0 

13.0 

9.0 

35.0 

28.0 

All six varieties 


1938 

16.0 

7.0 

16.0 

16.0 

14.0 

30.0 



1939 

44.0 

19.0 

22.0 

7.0 

53.0 

58.0 



1940 

30.0 

12.0 

19.0 

11.0 

22.0 

44.0 



1941 

7.0 

3.0 

6.0 

3.0 

6.0 

18.0 


7 

1937 

0.0 

26.0 

23.0 

0.0 

27.0 

40.0 

Hannchen, Hima- 


1938 

0.0 

13.0 

12.0 

0.0 

22.0 

30.0 

laya, Nepal and 


1939 

0.0 

47.0 

16.0 

0.0 

29.0 

65,0 

Odessa 


1940 

0.0 

9.0 

12.0 

0.0 

28.0 

35.0 



1941 

0.0 

11.0 

20.0 

0.0 

26.0 

24.0 



others. In 1939, for example, infection percentages ran much higher than 
in 1941. Despite this variability, however, the identity of each of the 7 
races was clearly maintained. Under the favorable conditions of 1939 some 
varieties, such as Nepal, were, that year only, lightly smutted by certain 


races. 
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The frequency of occurrence and the distribution by States of the 7 races 
of Ustilago nigra are presented in table 2. It will be noted that race 4 was 
collected more often than all of the others combined; and that it occurred 
over wide areas of the United States. Of interest is the fact that in a study 
of physiologic races of Z7. hordei (5), the writer likewise isolated a wide- 
spread race (race 6), which occurred 114 times in 200 collections. This 
like race 4 of If. ^ligra, also is characterized by the susceptibility of 

2.— Fregwerecy of occurrence and distrihution iy States of pliysioloaic rare, 
of Ushlaffo nigra m 168 collections from ^3 States nysioiogic i aces 


Location 


Arkansas 

Colorado 

•Delaware 

Illinois 

Indiana 

Iowa 

Kansijs 

Kentucky 

Haiyiand 

-Minnesota 

IMissoiiii 

AAvv YMrk 

North Carolina 

North Dakota 

Ohio 

Oklahoma 

Pennsylvania 

South Dakota 

Tennessee 

Texas 

Virginia 

Washington 
Wisconsin 

Total collections 
each race 


Collections of race number 


1 

12 


of 


40 


18 

1 

11 


15 


16 

2 

2 

15 

86 


7 

15 


Total col- 
lections 
from the 
State 


0 

4 

1 

4 

3 

11 

2 


31 

4 

15 
1 
2 
1 
1 

16 
6 
4 

17 

10 

2 

25 

168 


Sr*; “XT'S" “It f 

thosp TJ I 7 ■ f ! ^ pi-oduced reactions similar to 

to botiftesis respectively, on the varieties common 

PATHOGENIC STABILITY OP RACES 

The data in table 1 show that the 7 collections typifyin- the races of 

v«>!! as U. nigra mce 4. “ ^ Proved immune from U. hordei race 6 as 
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eollectioii from Missouri, may deserve classification as an eiglith race of U, 
nigra^ but the reaction of Excelsior to it has been variable, 

SUMMARY AND CONCLUSIONS 

Seven distinct races of the seedling-infecting barley loose-smut fungus, 
Ustilago nigra, were found in 168 collections of that species from 23 States. 
The frequency of occurrence of the races and their distribution by States 
are tabulated. 

Race 4 occurred more frequently than all the others combined. This 
race is identified by the same reaction of the differential varieties that iden- 
tified a previously described race (race 6) of barlej^ covered smut, which 
also occurred in over half of the collections of that smut in an earlier study. 

In breeding for resistance against Ustilago nigi'^a, as with other small 
grain smuts, the existence of physiologic races must be taken into account. 
Bureau op Plant Industry Station, 

Beltsville, Maryland 
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PHYTOPATHOLOGICAL NOTES 

A« Unusual Spowpliore of Trametes suaveolens Produced on Artificially 
Inoculated Woodd—ln a preliminary study to determine the effect of en- 
vironment on the gross morphology of fruit bodies and to compare those pro- 
duced artificially with those found in nature, cultures were made as follows. 

Two sections 7 inches long and inches in diameter were cut from fresh 
green branches of green ash, Fraxinus pennsylvaniea, var. lanceolata Saro- 
and soft maple, Acer saccharinum L. A hole li inches in diameter aimf 6 
inches deep was bored in each and filled to within one inch of the top with a 
mixture of wheat and oats that had been autoclaved at 15 pounds’ pressure 
for 1 hour on 2 successive days. Corks were placed loosely in the holes 
The two pieces were then placed vertically in a gallou jar containing about 
500 cc. of water, and the cover was screwed on lightly. The jar and contents 

were autoclaved for 1 hour at 15 pounds’ pressure and allowed to cool in the 
autoclave. ® 

When cool, the gram mixture ivas inoculated with a culture of Trametes 

"" sporophore found on a maple stump 

ti^ r Ian Immediately after inocula- 

0 (Jan. 2, 1941) the holes in the wood sections were tightly plugged with 
corks and the jar cap tightened. The culture was kept in the laboratory 

ind fh7 ^ weeks mycelium was noticed growing out between the corks 
and the wood, and by May 1, a thick mycelial mat covered both pieces of 

Zd bv r , ‘ Wrenlly being angniented by water re- 

leased by the fungus during the decay process. A few rounded humus of 

mycelium formed near the upper end of the wood, but no definite fruffin^ 

fhe north J ! were placed in a flat of moist sand beneath 

the noith side of a greenhouse bench, the bottom ends being buried about 

ches in the sand. Tap water was added to the sand occasionally Al- 
though not raposed to direct sunlight, the specimens were located where the 
bgM war aafflaten. te permit tee apparently nornial gr„«b .t variZ grZ 

About September 1 shallow pores were noticed on the surface of one 

u Ig. 1 A and B) had attained its final size, being approximately 4 inches 
Z 1 . Sr -I*”- wereAal teZS L d”1 

bona, are ri^LZZteptZZnZreT^^^^ ? 

at: ":r« ztzr 

E.vi.eriinJnt StSion V Journal Series of the Minnesota Agricultural 
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shape, and position of the pores of the latter can be ascribed to the substrate 
on which the fungus grew or to light or humidity, we cannot say. The wood 


Fig. 1. A and B. Two views of tlie same clump of fruit bodies that dtweloped on 
inoeiilated wood ; note the horizontal pores. 0. Pore surface of original fruit body. D. 
Pore surface of fruit body illustrated in A. 

of botli pieces was tliorouglily rotted, but the grain also was almost entirely 
consumed. It would seem not an unreasonable assumption tliat tlie more 
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or less uniform diffused lifrlit may have played a part, since Christensen^ 
reported a somewhat similar anomalous development of sporophores of 
Daedaha confragosa in diffused light in the laboratory. The fact that com- 
paratiyely small differences in the environment can induce considerable 
variations in gross morphology of sporophores should make one wary of 
ascribing too much importance to minor morphologic differences between 
Iruit bodies found in nature.-ELLis P. Daeley and Clyde M. Cheistev- 
SEisT, I .niversitj^ Farm, St. Paul, Minn. 

A jor Madntainmg Phytomonas sepedonica in Culture for Lonn 

leuods W ithout Tramfer.—Phytomonas sepedonica, the organism causiim. 

. ug lot of potato, may be considered a fastidious species and difficult to 
naiiitaui on culture media. Even with Burkholder’s special media no claims 
01 longeuty ha^■e been made. Stapp^ failed to maintain it under any cir 
eumstanees even with repeated transfers for more than 18 months The 
wnter has found viability uncertain in transfers from agar cultimls old 
them (lays, kept iinder laboratory conditions. 

Luiniere and Chevrotier’^ maintained gonococci cultures several months 

led the test to other organisms with good results. Bruni^ Parish = 
yd Lirkhaug'* kept a number of human bacterial patlioo-ens viable ui der 

Puiiitaiimp, ptant patboeeiis such as Fkylmwm, sepidmim umler min'enl 

iiabiNty „t the b, ApppoXaM,! 

, It! f ^ tested for viability and patho«enicitv 

' itf ""Iteires of Phyto'- 

of sterile inineraroil sufficii to 

s •sirx'T'rt “ 

cells ecuoved aud s.^.M „7.T" r;:^. 17X7 "''T '7“ 
loop was held against the inside wall of The test tube a7 

remove much of the Oil adhering to the cells Aniffo ^ ^ 

34: 4n(Mn2. ^.942^.' ’ development of fruit bodies. Myeologia 

s.“3y to Sss ZtS't S'S3f?|2: 

iiSr' vitalite des cultures de gonocoques. Comp. 

d..s (l,mo£;;n';/AmtnUbl! A a 

Colon. 36:'t’9.h98':” ^ coiture del meniiioteo. Ann. di Med Nay o 

35: "i, 4 A-'-r-tion of cultures under liquid paraffin. Jour. Path Baet 

(o-s.; 76 : cultures under liquid paraffin. Science 
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a uniform technique for each culture and each test. Headings were made 
after 14 days incubation. 

Viability, of cultures of P. sepedonica for the duration of this test and 
the age at which viability was apparently lost are indicated in Table 1. 

Series B differs from Series A only iu being placed under oil 3 months 
earlier than the latter. All were colony isolates from diseased tubers. After 
10 months under oil most cultures were still viable and grew luxuriantly on 
removal from oil. After 18 months 25 per cent of the cultures were alive. 
In Series B a few were still viable after 17 months ; however, after 21 months 
all were dead. The difference between individual cultures in ability to 
exist under oil was noticeable, certain ones losing viability after 6, others 

TABLE 1 . — Summiary of viaMlity of Fhytomonas sepedonica 'under mineral oil 


Series A 

Number of mouths under oil 



2 

4 

5 

6 

1 

7 

10 

11 

14 

18 

Total cultures tested 

10 

10 

10 

6a 

6a 

16b 

16 

16 

16 

Total cultures viable 

10 

9 

9 

5 

5 

10 

8 

4 

4 

Percentage of cultures viable 

i 

100 

90 

90 

83 

83 

62.5 

50 

25 

25 


Series B 

Number of months under oil 



6 

8 

13 

14 


21 

Total cultures tested 

10 

10 

Sa 

8 

8 

8 

Total cultures viable 

6 


3 

2 

2 

0 

Percentage of cultures viable 

60 

40 

37.5 

25 

25 

0 


Some cultures lost by fungus contamination of oil. 

10 additional cultures placed under oil at the same time as others but not previously 
tested for viability. 

after 10, and some after 17 moiitlis. Cultures of P. sepedonica^ viable after 
18 niontlis immersion, were tested for pathogenicity and induced typical 
ring-rot symptoms on leaf and tuber. Similar cultures without an oil cover- 
ing* will dry up and lose viability in 30-60 days. 

Supplementary investigations einplovdng other plant pathogens have 
demonstrated that Phytomonas medieoFim^ var. phaseolicola (halo blight 
of bean), and P. phaseoli (common blight of bean), under oil, retain their 
viability and pathogenicity at least 13-18 months. A like oil-immersion 
test applied to plant-pathogenic fungi indicates that the following remained 
apparently unharmed for at least 6 months (extent of test) and produced 
normal spore forms and mycelium when removed: Fiisarmm emnartU, F.. 
oxysponiniy F. amnaceun%y F. lycopersie% and Alternaria sp. Further tests 
will be made at monthly intervals on all fungal and bacterial cultures to 
determine the viability end point. 
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It is believed this investigation has demonstrated the practicability of 
employing mineral oil for maintaining Phytomonas sepedonica and other 
phytopathogens for relatively long periods without transfer to new media— 
Arden P. Sheep, Department of Plant Pathology, University of Nebraska 
Lincoln, Nebraska. ‘ 

On the Yaltie of Spergon for Seed Treatment in Small-Grain Crops. 

Among organic compounds recently found valuable for seed treatment 
tetrachloro-para-benzoquinone, main constituent of the dust fungicide Sper- 
gon, IS of special interest. Its slight toxicity for animals and its low pliyto- 
cidal action, compared with many other chemicals, are combined properties 
of considerable merit. This dust, first employed as a seed protectant for 
Lima beans and garden peas^-" promises a wider field of usefulness.®-* To 
determine its possible value as a fungicide for small-grain seeds, field tests 

were undertaken in Alberta in 1941. A few of the results of these tests are 
liere reported. 

fonnamme in Ue 


Treatment 


Amount 


Cheek .. 
Ceresan 
Spergon 


Fornialdehyde . 


Percentage smutted heads 


centration 

applied 

Edmonton 

Eallis 

Olds 

Castor 

Wheat 

Oats 

Wheat 

Oats 

Wheat 

Oats 

Wheat 

None 

h oz. per bu. 

2 oz. per bu. 
1-320 

30.5 

2.2 

0.3 

0.0 

17.7 

0.0 

7.0 

0.2 

15.0 

2.2 

0.0 

0.0 

11.0 

0.0 

1.2 

0.0 

25.2 

0.2 

1.0 

0.0 

10.8 

0.2 

11.5 

0.5 

42.5 

2.0 

0.2 

0.0 


were artifici^lv ’ f ? i • f"", the first two 

jeie aitificia 111 infested u-itli their respective covered smut fiino-i and also 

cairied a small amount of natural inoculum. In the case of flax "clean seed 

SOU in,,. The other fungicides, tested comparatively, were applied accord 
mg to usual recommendations at the rates indicated in the tablel Test 

tested at '^“"’'"toii and Castor, Alberta,- the other grains were 

tested at Pallis and Olds, as well. At Edmonton, 6, dsewhere 4 miicTtes 

eaei leatment and each check, randomized in blocks were sown The 
locations mentioned renrpcjp,it x were sown. Ihe 

Castor is located in the dry open praSe'in tt^h "^' 1 “"^*'" conditions. 

and Olds are in areas of M^her LnfTta ^ 

Pallia in a ,ooded, grav-adi re Th^ ™ PU 

aU points. "Oil region, ihe same seed samples were used at 

(Abstrart) igfo seed protectants for Lima beans. 

l lJ,>topath. (Abstract) 32: 4. 1942 > an cftective organic seed ] 

* LeuKel, R. W. Spergon as a seed disinfectant. Pi. Dis. Rptr. 26 : 93-94. 


: 20. 1941. 
. protectant 


1942. 
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Data on covered-smut control in wheat and oats are shown in table 1. 
The figures are averages of the replicates of each treatment. It will be noted 
that Spergon gave good control of covered smut or bunt of wheat at all 
points, comparing favorably in effectiveness with Ceresan and formalde- 
hyde. In the case of oats, however, Spergon did not control covered smut 
as well as either Ceresan or formaldehyde. 

The relative effects of Spergon and Ceresan on flax are indicated by 
average emergence and yield figures (Table 2). Both fungicides improved 


TABLE 2. — Melative ej}ectB of Spergon and Ceresan on the emergence and yield 

of flax 


Treatment 

Amount 

Edmonton 

Castor 

applied 

Emergence 

Yield 

Emergence 

Yield 

Check 

Ceresan 

Spergon 

Os. 

None 

0.5 

2.0 

Per cent 
53.0 

81.5 

75.3 

Bu. per a. 

8.4 

9.3 

10.2 

Per cent 
59.8 ' 

71.1 

65.1 

Bn. per a. 

5.5 

6.6 

6.4 


the emergence significantly at Edmonton, and Ceresan proved superior to 
Spergon (M.S.D; = 6). At Castor, a similar relationship held, though the 
difference between the fungicides was not significant. A tendency for both 
fungicides to improve yield is perhaps indicated by the consistently higher 
figures for the treated over the untreated seed lots. The differences between 
checks and treatments and between the treatments are, however, not signifi- 
cant. While yield response may be determined in part by emergence 
response, other factors may be even more important. 

It may be concluded that Spergon has merit as a seed fungicide, espe- 
cially for wheat and flax. — A. W. Henry, University of Alberta, Edmonton, 
Alberta, Canada. 

Alternaria sp. on Grain Kernels Killed ly High Temperature Storage.— 
In connection with studies in 1941 on the effects of storage temperatures on 
gerininability of certain seeds, it was observed that those of oats, wheat, and 
barley, stored 6 to 15 months at 105° P. v^ere free from fungi; those from 
the same seed lots, stored at 36° and 50° P., were heavily infested, chiefly 
with Alternaria sp. Oat kernels stored 15 months at 36° P. (Pig. 1, A), 
wheat 6 months at 50° P., and barley 7 months at 36° P. (Pig. 1, E), devel- 
oped abundant growdh of Altermaria sp. during the regular seed-gerinina- 
tion period of from 3 to 7 days. On kernels of oats, wheat, and barley from 
the same lots of seeds, stored for the same periods at 105° P., the Alternaria 
sp. had been killed and, on germination, the seeds were free from the fungus 
(Pig. 1, B, P ) . All the seeds were germinated on moist blotters in germinat- 
ing dishes. ■ , 

The seeds on wdiich the above observations wwe made were received as 
follows: Oats from Aberdeen, Idaho, August 16, 1939; wheat from Lincoln, 
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5 month.: A at 360 F.; B, at 105°. 0 and 

)tter*i irf ™ ^ stored 7 months : E, 

®®™“3,tmg dishes. A, C, and E 

ingM lnT“CF°ir 

fe in t. to F, the primary roots were 
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Nebraska, July 2, 1940; and barley from Arlington Farm, Virgmia, June 
21, 1940. In each case when the gTains had been stored 6 moiiths or longer 
at 105° P., the fungus originally on the kernels was killed; in the samples 
stored at 36° and 50° F., the fungus was not killed. 

A test wuis made to confirm the above observation. The seed used was 
wheat received from Lincoln, Nebraska, July 2, 1940. One sample of the 
wheat had been stored 7 months at 50° P. and another for the same period 
at 105° F. Eight kernels from each sample were placed on moist blotters 
in germinating dishes under sterile conditions. After 7 days incubation at 
68° P., the kernels, all of w^hieh had germinated, were examined for the 
presence of Alternaria sp. The w^heat kernels that had been stored 7 months 
at 50° P. -were heavily infected with spd (Fig. 1, C), while those 

stored for the same period at 105° F. w^ere free from the fungus (Pig. 1, D). 
— Edgar Brown and Alice L. Egbert, Bureau of Plant Industry, IT. S. 
Dept, of Agr., Washington, D. C. 

Stem Rust on Triticum timopheeviA — Triticun^ timopheevi Zhuk, has 
been highly resistant to practically all physiologic races of stem rust, Puc- 
cinia graminis tritici, with, which it has been inoculated. But race 189, an 
unusually virulent race in Peru, can attack seedlings and adult plants of 
T. timopheevi f and race 19, identified more often than any other race in 
collections from experimental field plantings of T, timopheevi in the United 
States, has been moderately virulent on seedlings and on older plants inocu- 
lated in the greenhouse by the wuiter and by Stakman and his co-workers. 

In 1942 there was 35 per cent of stem rust on Triticum timopheevh in 
certain experimental plots at University Farm, St. Paul, Minnesota. All 
plant parts were rusted, from the lowermost leaf sheaths to the glumes, 
awns, and peduncles. The reaction indicated moderate suseeptibility, 
although most pustules were small and surrounding tissues were slightly 
discolored (Pig. 1, A). Wheat varieties and hybrids in the experimental 
plots were exposed to stem-rust inoculum early in the season, border rows 
between plots being inoculated as early as May 26, by means of a hypodermic 
syringe, with water suspensions of urediospores of six different physiologic 
races (15B, 17, 34, 36, 56, 147) of P. graminis triUci. By June 3 inoculum 
was spreading from rusted borders to the experimental plants. Inocula- 
tions every 5 to 7 days provided a new and an ever-increasing supply of 
rust in the borders for a natural spread to the experimental plants, which 
themselves never w^ere inoculated directly. 

Seven collections of stem rust were taken from various replicates in the 

1 The Alternaria on the wheat kernels was identified as belonging to the A. tenuis 
group, as interpreted by Elliott, J. A., Am. Jour. Bot. 4: 472. 1917. 

1 Published as Paper 2039 in the Journal Series of the Minnesota Agricultiiral Kxp(>ri- 

ment Station. Assistance in the preparation of these materials was furnislied by tlu' per- 
sonnel of Work Projects Administration, Official Pro-je^^t No. 2(55~1~7 1-236, Subproiect 
No. 491. ' , ■ ' " 

2 Gareia-Pada, G., J. Vallega, W. Q. Loegering, and E, G. Stakman. An uniismally 

virulent race of wheat stem rust,’ no. 189. Phytopath. 32 : 720-726. 1942. 
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3 different plantings of Triticiim timopheevi. Upon identification everv 
collection consisted of race 15B, apparently the only one of the 6 races fnl 
nished in the inoeulnm that was virulent on this species of Triticum New 
ton, Johnson, and Peterson^ reported on the seedling reaction of T timn 
pheevi to 20 physiologic races of Puccinia graminis tritici, among which was 
race lo_. The species was highly resistant and from the work of Stalmian and 
Loegering^ it seems that the Canadian race 15 was different from the ia“e 



iK'iul of r. limopheefi grown ‘in the oTf 0"lias i 

sodium hypochlorite before they wire Xto ^ere bould 

1^0 the host species were broken, x about B Tl eharact 

i. tmopheen to race ISB of of seedlings 

15B used in the present work. Seedlino-s of r h^, r 

'■«“ gave a type 3 + reaction (“pif 1 iT 

rcportnl ttiat race 16B is virnleiit on Ei™?' T ' Stnkma 

rf hard red spring ,hc,t. XaTrte h AT^ tco.n.ncaacd varie 

roinWontlhcdangcrotsnciabioivpeotracelsLr “ 

Newton, Mar^^‘t^et T Joinisnti i r> tile Spring wheat ari 

r rls'E ra.;5jT * 

lx. (Abstract) Phytopath. 3 tnti, 
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and found that both types of the race are present in the United States It 
now seems probable that Triticum timopheevi and its hybrids also will be 
endangered by race 15B if that race of rust becomes widespread and destrnc 
tive in wheat-growing areas and if inoculum is abundant and conditions 
favor rust infection for a protracted period. This is merely another illus- 
tration of the fact that there are few species of wheat or wheat allies that 
are universally resistant to rust.— Helen Hart, Agricultural Experiment 
Station, University Pariii, St. Paul, Minn. 


BOOK EBVIBW 

Baldwin, Hbney Ives. Forest Tree Seed. Clu-oniea Botanica Pn Woiti 

E Stechert and Co., New York City. 240 pp 28 fig? 1942 ' ^ «• 

The author has selected and compiled considerable technical oud i t 

on tree seed. Although the book is of value to all engaged in handliL 
.seed and studying difCerent aspects of the whole field of seed OToblefus ‘ ‘ p 
tSeed ivill be most helpful to silviculturists and especially so to those mteres??* 
conservation and reforestation of timbeiiands. 1 ' o tnose mteiested iii the 

The subject matter is divided into 20 chapters. The information ovn=».,i. a 
around such topics as development, structure and uroiiuctim, of ef T'^seiited centers 
other phases of the seed probLis tiiat a«?res??ed" int1r?l^ 
t nd geimination of seed, internal and environmental factors nff'pr^fhicr •’ 
seed viability and stimulation. Chapter 7 Biotic enemies nf . and 

sections especially interesting to the pathologist Thev are fnli eoiitaing some 

diseases, Diseases of cones, sled disiiEoS Jt ZS. Phvf T/ ^^^^i-^orne 

treatments, and Aseptic gei-mination. EaSi topic S devdoufd C o? Cl^emical 

pertinent literature with significant snecifir- ^ resume of most of the 

11.1., mo.t of ,hW, oStS, „?S b, tai .1 iT, S" •>?'■ ISftomo' 

».ii.M. ifoSirf. tr‘d“ r ■ 



WAR COMMITTEE OF THE AMERICAN PHYTOPATHOLOGICAL 
SOCIETY— REPORT OP MEETING IN COLUMBUS, OHIO, 

\ FEBRUARY 13 AND 14, 1943 

The committee met in conjunction with a meeting of the officers and the Council of 
the Society called in place of the cancelled annual meeting. The Plant Protection Com- 
mittee of the National Eesearch Council met with the War Committee. E. P. Phillips, 
chairman of the War Committee of the Association of Economic Entomologists, and 
Neil Stevens, chairman of the War Committee of the American Mycological Society, were 
present as representatives of their respective committees. The following members of 
the War Committee were present: C. C. Allison, G. M. Armstrong, H. P. Barss, E. J. 
Greaney, E. J* Haskell, J. G. Horsfall, L. M. Hutchins, E. S. Kirby, I. B. Melhus, J. C. 
Walker, and J. G. Leach (Acting Chairman in the absence of E. C. Stakman) . 

All day Saturday was spent hearing and discussing the reports of regional committees, 
sub-committees, and members at large. At a final meeting held late Sunday afternoon, a 
number of resolutions were adopted. These appear at the end of this report. 

Space will not permit a complete report of Saturday's meeting. A more detailed 
report has been mimeographed and sent to the contact men in each State. Some of the 
more significant items reported were as follows: 

Attention was called to occupational Bulletin No. 23 as amended December 14, 1942, 
authorizing draft boards to defer not only full-time instructors and research workers in 
agricultural sciences, but also part-time research assistants if working on projects certi- 
fied to be related to the war effort. 

Local Board Eelease No. 159, authorizing the establishment of special committees 
on manpower in critical scientific fields, was discussed. The Executive Committee has 
requested G. W. Keitt to make a survey of the situation in Plant Pathology to determine 
if such a committee is desirable. It was voted to defer submission of the resolution on 
manpower, drawn up by the Upper Mississippi Valley Group at its Chicago meeting, until 
after this survey is completed, 

A memorandum, prepared by E. 0. Stakman, and submitted to Governor Lehman, 
Director of the Office of Foreign Belief and Eehabilitation Operations, by Boss G. Harrison, 
Chairman of the National Eesearch Council, was explained briefly. This memorandum 
recommends that people in the countries occupied by American armed forces be helped 
to help themselves through increased efficiency in agricultural production. It is further 
recommended that men with specialized training in agricultural sciences, already in the 
armed forces, be detailed by the Army to cooperate with other authorities in the direction 

of such a program. _ ^ ^ ^ • xi 

The importance of regional meetings to consider problems of mutual interest in the 
war effort was next discussed. In view of some difficulties already experienced by workers 
in some States in receiving authorization to attend regional meetings of the WAr Com- 
mittee the Executive Committee was instructed to write a suitable letter^ to the Directors 
of Experiment Stations and Directors of Agricultural Extension, soliciting their interest 
in, and encouragement of, regional meetings during the war period. 

Dr, Stahman^s recent suggestion that quarterly reports of the War Committee be 
published in Phytopathology was discussed and approved by the Committee. 

A suggestion that the name of the Committee be modified toy eliminating the word 
‘ ‘ Emergency ’ ^ was approved, 

F J Greaney told of the manpower situation in Canada, where all universities are 
under complete military control, and where plant pathologists are being called upon tor 

medical aid on the home front. . ^ x -..i 

J. 0. Walker reported on a program of bean-seed certification for control of bacterial 
blight, being developed by L. H. Person of Louisiana, He also stressed the critical shortage 
of many vegetable seeds and the importance of seed-treatment in seed conservation. 

E. F. Phillips reported on manpower situation in Entomology, pointing out that the 
Army is making good use of the technical training of entomologists, practically all 
entomologists inducted into the service being assigned to duty as entomolopsts, but that 
the demand of the Army for entomologists is increasing steadily, and has already reached 
the point where the effectiveness of entomology in the food-production plan is being 

threatened. , « . • t t -i 

J. G. Horsfall reported briefly on coordinated research on fungicide dosage and 
substitute fungicides. More complete reports will be mimeographed and distributed. 

E. J. Haskell reminded the committee of his offer to distribute informational material 
to 130 contact men through the country, and stressed the importance of more adequate 
exchange of information. 
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Harry O'Brien led an inspiring discussion on problems of publicity. He gave 
us many valuable suggestions and promised to help us as mucb as possible. 

At tlie final meeting, called at 3 : 00 o 'clock, Sunday afternoon, the following resolu- 
tions were adopted: 

1. That a nation-wide seed-treatment campaign be declared for the reduction of 
plant-disease losses of the crops essential in the war -production program with special 
emphasis on oats, barley, wheat, sorghum, flax, corn, cotton, peanuts, and certain vege- 
table crops as a means of insuring against poor stands and as a means of stretching 
limited seed supplies. 

2. That efforts be made to include established plant-disease-control recommendations 
into the action programs for achieving war-crop goals. 

3. That plant pathologists in each State be urged to make every effort to obtain in- 
formation on the development of major disease hazards throughout the season, with the 
aid of such other agencies and individuals as may be available, with a view to the issuance 
of timely warnings to growers and recommendations of immediate measures to be taken 
to check epidemics, or to lessen losses that would otherwise result. 

4. That the Seed-treatment Committee of the Society be asked to prepare 1943 
recommendations for the seed-treatmnet of wheat, oats, barley, sorghum, flax, and corn 
for distribution to all States. 

5. That the Seed-treatment Committee be encouraged to work with seed producers 
and seedsmen with a view toward getting more seeds treated prior to distribution and 
sale, and/or getting directions for treatment printed on packages, or packets and in seed 
catalogs, 

6. That efforts of the Seed Certification Committee to obtain the treatment of certi- 
fied seed be endorsed by the War Committee. 

7. That the Fungicide Committee of the War Committee be asked to distribute 
promptly a condensed statement of their present opinions as to measures for conserving 
fungicides. 

Hespeetfully submitted, 

J. G. Leach 
Acting Chairman 



BLISTBE EUST EELATIONS OP CULTIVATED SPECIES 
OF EED CUEEANTS 

Glenn Gaedner Hahn 
(Accepted for publication September 8, 1942) 

INTRODUCTION 

In 1922, Avhen Spaulding (12) reported blister-riist-inocnlation studies 
of a considerable number of red and white garden currants, performed by 
himself and associates, there were practically no data in the literature deal- 
ing with this phase of research on Cronarfnim ribicola Fisch. These ribes 
were grouped by him (12, Table 1) for convenience under the name Bihes 
saiiviim (Echb.) Syme (E. viilgare Lam.), as it was impossible at that time 
to assign them to the proper species to which they individually belonged. 
Shortly thereafter Thayer (13) published the results of taxonomical and 
field studies of the red and white currants. He found that they were of 
mixed parentage, but concluded that certain varieties sprang from each of 
the following species : B. petraeum Wulf B. riiMum L., B. sativum^ and B. 
sativum var. macrocarpum BaileJ^ 

Before entering into a discussion of the known facts concerning the 
pathological relationships of the different groupings of the cultivated species 
of red currants according to the Thayer (13) classification, and an estimation 
of pathological data as they relate to white-pine infection studies, the results 
of recent greenhouse investigations of Eed Dutch (Hollandische Eote) are 
presented. This commercial variety of continental Europe, which has been 
in cultivation many years, is compared morphologically with another variety 
of similar origin, the commercial variety Viking (syn. E0d Hollandsk 
Druerips) from Norway. Viking is the only resistant type of red currant 
variety reported in blister-rust literature that has been investigated inten- 
sively (1, 4, 6, 7, 8). 

In this paper the anglicised name ^^Eed Dutch’’ is used for the conti- 
nental European variety Hollandische Eote (syn. Eouge de Holland) . As 
Thayer (13) has pointed out the terms ''Dutch” and "Holland” are un- 
fortunately not synonymous, and the "Eed Dutch” of the continent is 
different from the "Eed Dutch” of England and the "Eed Dutch” of the 
United States. The varieties from England and the United States belong 
to ruhrum and sativum^ respectively, whereas the continental variety 
show^s predominant petraeum characteristics. . 

RED DUTCH (HOLLANDISCHE ROTE) 

Pathological History : 

At the time the waiter wms performing greenhouse inoculation tests with 
the blister-rust-immune Viking at the Koyal Botanic Garden, Edinburgh, 
Scotland (4), and in the United States (6), the late, eminent forest patholo- 
gist, Professor von Tiibeuf, assisted by 'Wolpert (15, p. 436), wms conduct- 
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ing, independently, field inoeulation tests with another rust-immune garden 
variety, Eed Dutch (Hollandisehe Eote), at Munich, Germany. The last- 
named variety has been the sub.ieet of pathological investigations by other 
European scientists, who reported it as being highly resistant to Cronartnm 
■nbicola. As early as 1903, Eed Dutch was recognized by Ewert (3) as beino- 
exceedingly resistant to the disease of white pines. Twenty years later 
Sehellenberg (9), in Switzerland, made a similar report as the result of an 
investigation of the ribes population in his country, studied for the purpose 
of determining the individual significance of the different species in the 
spread and intensification of white-pine blister rust. In Switzerland, Eed 
Dutch has been cultivated extensively as a commercial variety, and observa- 
tions could be made readily in localities where it grew in close proximity to 
the commonly eultivated and heavily infected European black currant 
(Bibes nigrum h.). 

Similarly, in 1917, Tubeuf (14, p. 300) reported, on the basis of field 
observations, that the variety Eed Dutch (Holliindische Eote) was not 
attacked by blister rust. Susceptible ribes in the immediate vicinity of this 
variety, however, Avere severely affected by the disease. It was liot until 
1928 to 1932 diat he and Wolpert (15) demonstrated Eed Dutch to be im- 
mune from blister rust as the result of inoeulation tests covering five years. 
Shortly thereafter Tubeuf (16, 17) advanced recommendations for the 
control of white-pine blister rust in Germany, wherein he advocated, along 
with the complete destruction of the damaging European black currant, the 
cultivation solely of the rust-immune Eed Dutch as a substitute for all 
other horticultural varieties, and its distribution under controlled condi- 
tions. 


In 1937, G. M. Darrow, Division of Fruit and Vegetable Crops and Dis- 
eases, Bureau of Plant Industry, became interested in the rust-immune red 
currant reported by Tubeuf as the result of information given to him by 
tie writer. The following year at Darrow ’s suggestion, cuttings of the 
vari^y w-ere obtained from the Grafrath Experiment Station, Munich, bv 
t e Division of Plant Exploration and Introduction (P.I. No. 127062) for 
study in this country. It is not kiioivn whether this stock originated from the 
same clone as that investigated by Tubeuf (15). We are probably correct 
however, in assuming that the introduced Eed Dutch stock represented the 
variety as it is distributed through trade channels on the continent 

A ter the receipt of the import stock, part of the shipment was retained 
at Beltsiulle and Glenn Dale, Maryland, for propagation, and 50 cuttings 
. fv ^ writer at New Haven. Unforunately the 

!nilv't?n!rTV'^ condition and the writer succeeded in obtaining 
onlA two plants from the entire lot. The number of experimental plants al 
Xew Haven was augmented later by four additional plants obtained in 1941 

"I".':: ™ : r'7 s 

and Intioduction, Bureau of Plant Industry. 



1943] 


Hahn: Blister Bust on Red Currant 


343 


0)1 Bed Dutch. On June 5, 1939, 2 potted plants of Red Dutcli, growing 
vigorously in the greenhouse, and with leaves showing all stages of develop- 
ment from those unfolding at the growing tip to those fully mature, were 
tested with freshly collected aeciospore inoculum^ of Cronartnim rihicola 
collected in Maine. A total of 31 leaves were inoculated and, approximately 
2 weeks later, the same leaves on these 2 plants \vere reinoculated with 
aeciospore inoculum collected in Connecticut. In these tests the European 
variety proved immune.^ The following year, on June 21, the same Red 
Dutch plants were retested with aeciospore inoculum collected in Maine. A 
total of 55 leaves were inoculated and the same results were obtained as in 
1939. 

On June 2, 1941, the experiments on the same two Red Dutch plants 
were repeated with Connecticut aeciospore inoculum. A total of 80 leaves 
were tested and these plants for the third season proved to be immune. At 
the same time 30 leaves on 2 of the Red Dutch plants received from Glenn 
Dale also were tested, with similar results. Later, on June 19, the twn 
remaining plants (29 leaves) from Glenn Dale wm^e tested with urediospore 
inoculum produced on heavily infected European black currants growing in 
the greenhouse. Red Dutch proved to be immune also from urediospore 
infection. 

In the above experiments, it w^as observed that mature leaves of Red 
Dutch inoculated with Cronartiiim rihicola w’-ere unaffected. How^ever, 
tender leaves that had just become fully expanded or w-ere in the process 
of becoming so show^ed the presence of necrotic flecks. Similar flecking has 
been described and illustrated by the writer (4, Pis. 13, 14) on young leaves 
of Viking inoculated with blister-rust spores. Anderson (1) demonstrated 
cytologically that in Viking, these necrotic flecks w^ere the result of the 
invasion of the new leaves by the blister-rust-spore germ tubes, wRich ex- 
tended into the substomatal cavities for a brief distance, only to degener- 
ate and die shortly after penetration. He also show^ed how^ the death of the 
invading germ tubes wus associated with the death of host cells in their im- 
mediate proximity. xVlthough a similar cytological study of probable germ- 
tube penetration has not been made in the case of Red Dutch (Hollandisehe 
Rote), it is reasonable to expect that w^hat occurs in the case of Viking also 
takes place in the case of Red Dutch. Red Dutch has been under observa- 

1 The writer desires to express his appreciation to Messrs. J. M. White, J. E. Riley, 
Jr., and Alton Miller, Division of Plant Disease Control, Bureau of Entomology and 
Plant Quarantine, for their cooperation in the collection of blister-rust aeciospore inocula 
used in the experiments outlined in this paper. 

2 The term ' immune has been applied to the Viking currant in previous publica- 
tions (4, 6, 7, 8). As the writer indicated previously, the Norwegian variety at certain 
stages of leaf development is not free from the invasion of germ tubes of Cronartium 
rihicola. However, Anderson (1) has demonstrated clearly by cytological studies, which 
have corroborated extensive observations made by European pathologists and the writer, 
that the infectious agent is unahle to establish itself in ViMng, ic., there occurs the 
prompt death of both the invading pathogen and the host tissue itself at the point of 
attack. Such a condition may be described as ^ ' abortogenic necrosis, to use a term 
submitted at a meeting of The American Phytopathological Society (18). On this basis 
the writer has reserved the term ^ ‘ immune ’ ^ for the ease of Viking and other red currant 
varieties showing a similar response to an invasion by C. rihicola. 
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tion by European pathologists for many years and fructifications of blister 
rust on leaves of this common European variety have never been reported 
In every experiment Cronartium riMeola, inoculated on kuown-suscepti 
ble ribes used as “checks” to establish : the viability of the inoculum and 
suitability of the environmental conditions, produced abundant fruiting 
bodies. During all of the tests urediospores of blister rust formed on these 
and other susceptible ribes, iucluding heavily infected European black cur 
rants, were being disseminated naturally during the summer and autumn in 
he greenhouse in which the tests were carried out. Although the Ked 
Dutch plants under investigation were exposed constantly to urediosnore 
inoculum, they maintained their immunity from natural infection 
_ On T^ng Selfed-seedling “Escapes. ” The experiments described above 
included tests performed simultaneously with two naturally pollinated sec- 
oiid-g*eneration seedlings of the rust-immune Viking (8). These 
undoubtedly originated as the result of self-pollination for there were no 
other red currant varieties growing nearby, and there is no evidence that 
pollen ot currants is carried any appreciable distances. Accordingly thev 
could be regarded as Viking selfed-seedling “escapes,” since thev appeared 
spontaneous^ m a small field planting of the red currant from Norway 
maintained for horticultural testing. These two escapes showed the mor- 
pliological cliciracteristics of tlie Viking' parBut. 

In 1939 24 leaves of the Viking escapes in all stages of leaf development 
veie tested with Maine aeeiospore inoculum, and later, reinoeulated with 
Connecticut aeeiospores. In both tests the self ed seedlings proved immune 
unuldr lesults were^obtemed on the same plants in 1940 and 1941, when 67 
eaves were tested, 2o with Maine aeeiospore inoculum and 42 with Conneeti- 

dll in the case of the Eed Dutch experiments 

although the diking escapes were exposed constantly to free urediospores 

ulTeT 7 ef produced abundantly in the greenhouse on European 
black currants, they continued immune from the pine disease. ^ 

Comparison with Viking 

Tubeuf (15 p. 439) classified Red Dutch (Hollandische Rote) as the 
hybrid specif, “B^es hougMoniamum Jane. (=R. r^cirumxB s Jiv^Jt 
R. pa hdum Otto and Dietrich).” In a footnote (15, p 460) hocL^er he 

_cultuiist, Alwin Berger (2), who regarded “Hollandische Rote Rou<-e de 

species B paUidmi (= B. petraeum x B. riibr um ) . ” It is here of interest 
to pmnt out that both Thayer and Berger recooniLd Refi DntI u 

originated as a h “ teh as having 

The name Red Dutch, which, according to Thayer (13) is one nf tu 
oldest garden eiirrant^s ^ ‘ one of the 

h ^'/^ruiiantsJmown, first appeared in print in 1670 or 16qn \r. 
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Jena wlio was of this opinion. The rnst-resistant Red Dutch reported by 
Sehellenberg (9) was undoubtedly of the same origin. Concerning the 
identity of the Red Dutch, grown commonly in Switzerland, the writer re- 
ceived the following information contained in a written communication 
obtained through the courtesy of Professor Gaumann of Zurich from Dr. K. 
Kobel, Horticultural Experiment Station, Wadenswil, (translation) ''The 
currant variety ' Hollandische Rote^ is widely distributed in Swiss nurser- 
ies. This doubtless is true also of the German ones. It is the most impor- 
tant of the cultivated varieties of Eibes petraeimi to be found abundantly 
in both countries, ... It is very probable therefore that the 'Hollandische 
Rote’ of Tubeuf and Sehellenberg ’s variety of the same name are identi- 
cal.” The writer (6) already has pointed out that Viking, according to an 
authoritative Norwegian source, originated as a cross between E. peiraeum x 
E, nihritm. It becomes very evident, therefore, that the rust-immune varie- 
ties, studied pathologically and reported by Ewert, Sehellenberg, Tubeuf, 
and the writer, respectively, were all derived in part from E. petraemny and 
are closely related, 

A comparative morphological study made by the writer (8) of Viking 
and the l^ybrid species, Eil)es pallidum, growing in the Ribes Collection 
maintained at the Arnold Arboretum, Harvard University, and later a simi- 
lar study made of Viking and vigorous potted plants of Red Dutch growing 
in the greenhouse, demonstrated that all of these produced foliage on the 
new shoots, which showed petraeimi characteristics, e,g,, leaves with, three 
prominently pointed lobes, the lateral ones often unequal in size, the right 
lobe being frequently the larger (6, PL 1; 8, Pig. 1). As has been reported 
for Viking (6), growth was vigorous, and the unequally lobed leaves were 
longer than broad, dark green, glossy, rugose, and pale and slightly pubes- 
cent beneath. New leaves were held stiffly upright in a consi^iciious cupped- 
shape manner by stout petioles tinged with red. Both Ewert (3), describ- 
ing Red Dutch, and Darrqw (6, p, 3), describing Viking, pointed out that 
these closely related varieties could be difterentiated readily from other 
garden currants. 

In a recent publication (8) it was stated that leaves of naturally polli- 
nated second-generation seedlings of Viking, which for all practical purposes 
could be regarded as selfed (in seed formation, although cross-pollination 
with susceptible red currants was not excluded absolutely, its occurrence 
was most unlikely), for the most part resembled those of the Viking parent. 
Several hundred of these rust-immune seedlings have been grown in the field 
since 1936 under conditions of favorable cultivation at the Marsh Botanical 
Garden, Yale University, and at the Connecticut Agricultural Experimental 
Parin, Mt. Carmel, Connecticut.^ Mature plants thus derived from Viking 
seed showed morphological characters of bush, leaves, and flowers that gen- 

The writer wishes to express his appreeiation to W. L. Slate, Director, and W. R. 
Singleton, geneticist, Connecticut (State) Agricultural Experiment Station for courtesies 
extended and for their cooperation in making it possible to carry on held tests with 
Viking seedlings at the State Experimental Farm. 
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erallv resembled the petraeiim hybrid whence they came. Some of these 
liowever, produced white fruit and on bushes whose growth characters re- 
sembled closely those of bushes producing red fruit. A number of selec- 
tions of red- and white-berried plants have been made from the two field 
plantings. There are excellent chances that a testing of selfed seedlings of 
these second-generation progeny will demonstrate some of them to be homo- 
zygous, i.e., breed true for rust immunity. 

The same field plot, in which selected rust-immune Viking seedling stock 
is being tested, also contains plants of Eed Dutch. The fruitful (6) Nor- 
wegian commercial variety has shown itself to be well suited to the north- 
^stern part of the United States. The writer is of the belief that the Red 

Dutch from Germany will be found adapted likewise to this part of the 

eountrv. 


DISCUSSION- OP RUST RESISTANCE SHOWN BY HYBRID GROUPS OP EED CURRANTS 

Ribes petraeum Group 

In the foregoing the rust resistance of Red Dutch (Hollandisehe Rote) 

and \ ikmg (.syii. Rbd Hollandsk Dnierips), two representatives of a small 

group showing markedly Bibes petraeum characters, has been considered 

Accumulated pathological data on other members of this group have shown 

hem to be not oidy very highly rust-resistant but also some of them, as in 

hie case of Red Dutch and Viking, to be immune from the pine disease. 

lese resistant varieties include Prince Albert (syii. Rivers Late Red 

Rivers) and Long Bunch Holland (syn. Holland, Franco-German) 

Accoixling to Thayer (13), both Long Bunch Holland and Prince Albert 

aie lewstant not only to disease and insect attack but also to heat and 

the Pfirie State., I„ ti.l .ection of He he stated Hat 

the f 01 nier variety had done very well, and cited another horticulturist J 

L. Budd. who early (1880) reported it as being the only variety then Imovm 

Biidd^hrT^h^^ during dry, hot summers in this eountrv. 

fant V rt ''7' 7r “ other cur- 

lant ^aiie^ties, leaves of Long Bunch Holland were still green and unaf 

IT, t^lX observations of Budd and Thayer (13) in the 

United States are in agreement with European observations. Tubenf (14 

Roie) lfs\i7 tt (Hollandisch; 

frrl^ri “^^'‘Oked by blister rust, also stated that its foliage was free 
_ m Gloeoi.pormm ribis (Lib.) Mont, and Desm. infection, as well as from 

nrb^^^^^ ^ 

experiments reported by 
p!- A number made on .several Bibes petraeum hvbrids 

-Prmce Albert, Franco-German, Holland, and Rivers. On the first named 
lar.ety Simuldmg recorded 18 tests, 4 of which succeeded and re.sulted in 
n .v/T//d m ..ction, both in the greenhouse and out-of-doors. On the remain 
■ng varieties tested, he failed to obtain fruiting bodies as th^i resu“ 
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tests on Franco-German, 5 on Holland, and 4 on Rivers. Infeetion on 
leaves of Prince Albert was not qualified by stating the degree of uredium 
and telium production, so we have no way of knowing the amount of telia 
actually formed. We do know however that on the most susceptible variety 
of the petraeum group tested, fruiting bodies were exceedingly scant. 

In 1930 the writer (5) reported additional experiments on Rihes 
petraeum stock of the varieties Prince Albert, Franco-German, and Hol- 
land. The Holland stock was authenticated by and received from Thayer 
(13) and G. M. Harrow. The writer found, as Spaulding (12) had re- 
ported previously, that Prince Albert bore only a scant infection, which 
produced very few uredia, whereas the other two forms were immune from 
Cronartium rihicola. Recently the writer received a report of blister-rust 
susceptibility tests being conducted in currant and gooseberry plantations 
at the Central Experimental Farm, Ottawa, Canada. The Canadians have 
found both Viking and Franco-German to be immune from C. rihicola over 
a period of 6 years, 1935 to 1940, despite the fact that these vaxueties were 
growing near infected European black currants that became heavily in- 
fected during certain years."^ 

Currants derived from Eibes petraeum are so highly resistant to blister 
rust that one is tempted to speculate on the exact form from which these 
commercial varieties originated. According to Thayer (13), who has as 
his authority the eminent ribes taxonomist, Janczewski, tlie probable form 
of petraeum to which we are indebted for our disease-resistant varieties of 
this species was 2?. petraeum hullatum Jancz. It is here of great interest 
to note that among the rust-resistant, second-generation Viking seedlings 
(8) referred to above, there occurred a small percentage of plants produc- 
ing leaves that were exceedingly dark green, smaller (as compared with 
Viking), and pronouncedly bullate. It would be interesting to compare this 
particular form morphologically with Janczewski ’s variety. 

Despite the fact that Rites petraeum has been reported susceptible to 
blister rust (12, 15), there undoubtedly are forms of it that we know very 
little about in this respect, ix., we do not have any information on the rust 
susceptibility of hullatum, and data on this variety would be extremely 
valuable. According to Budd, who is cited by Thayer (13), the variety 
Long Bunch Holland probably originated from northern European 
petraeum stock. In connection with this opinion, it might be worth while 
to draw attention to recent correspondence (1938-1939) carried on by the 
writer with Dr. K. Lepik, Phytopathological Experiment Station of the 
University of Tartu in Esthonia, concerning blister rust infeetion of Ribes 
petraeum. Lepik replied that the form in his country became only slightl}^ 
infected. He submitted representative specimens of Or onart mm rihicola 
(telia) on leaves of R. nigrum and R, petraeum; the former showed 100- 
per cent infection, whereas the latter showed approximately 5 per cent of 

4 Statements coiieerning blister-riist-liortienltural investigations at the Central Experi- 
mental Farm, Ottawa, were communicated through the courtesy of that Station and Mr. 
B. S. Blair, Assistant in Pomology. 
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the total surface of mature leaves Avith telia at the time of collection at the 
end of August, and the fruiting bodies occurred mostly on necrotic leaf 
tissue. 

In both Eed Dutch (Hollandische Rote) and Viking, the factor for rust 
resistance is undoubtedly dominant, but we do not know whether the former 
is homozygous for resistance. We do knoAV, hoAvever, that Viking (8) is 
nearly so, for, considering the A'ery small percentage (3.7 per cent^ of sus- 
ceptibles that appeared among a large population (1835 seedlings) of nat- 
urally pollinated Viking seedlings studied, the indications are that probably 
only a very small percentage of them are heterozygous, Avhereas the major- 
ity must be laoiiiozygoiis. 

Since 1937 the Avriter has continued to carry on the greenhouse investi- 
gation of the susceptibility of the few nonimmune Viking seedlings, appear- 
ing in the tests referred to above, in order to determine the degree of telium 
production on them. Over a period of 4 years these suseepts have been 
carefully inoculated each year Avith aeciospore inoculum and have been ex- 
posed naturally to urediospore inoculum produced on heavily infected 
European black currants groAving in the greenhouse in which the* tests Avere 
carried out. As a preliminary report on the tests, it can be stated that in- 
teetion Avas meagre, e.g., on the most susceptible suseept only a very few 
teha formed, and after their formation these Avere observed to occur on 
tissue that became necrotic. 


xvjiucs ruorum uroup 

A second group according to the Thayer classification (13, p. 364) shoAvs 
predominantly the morphological characters of Bibes rubrum. This croup 
of varieties, as in the case of the petrmimi group, is a small one, and is*"char- 
aeterized by plants starting new groAvth late in the spring and holding their 
ohage late in the autumn. Varieties belonging to the rubrum group 
shoAY considerable variation. They include the variety Victoria which 

may be regarded as typical of the group, the under side of the leaves being 
markedly pubescent. 

seaiHrwLp! *'\'' "fT' ia^^estigated (5, 12) produced 

incl uLd V “u I resistant. The varieties studied 

included Victoria, Raby Castle, Gloire des Sablons, Dilnot Red, Scotch 

last Bunched Eed), the 

currant-growing sections-notably, 

varieSf'^ Oninlf tf ' Nation tests on at least 12 rubrum 

aiietics. On all of these only a slight infection was recorded The varietv 

m, ligated n.„., thomtehly than the othei, TwLTt™ 

imlrr "S; t« be highly resiataait (nearly 


........... . . 

■ ■■ 
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At a later date the writer (5) made greenhouse studies of 4 riibmm 
varieties (Victoria, Raby Castle, Scotch, London Market) recorded by 
Spaulding (12). The stock of Victoria and London Market was authenti- 
cated and received from Thayer (13). The writer likewise found that a 
slight production of fruiting bodies (uredia) occurred under optimum 
conditions for infection. Rust fruiting bodies did not form on Victoria 
and there is the possibility that this particular form may have been immune 
from blister rust. 

At tlie Central Experimental Farm, Ottawa, tlie variety London Red, 
has been grown for 6 years, 1935 to 1940, in the blister-rust-test plots al- 
luded to above. Only slight blister-rust infection was observed, although 
generally speaking the infection on nearby European black currants was 
considerable or very heavy during this period. London Red was free from 
infection in 1935, 1938, and 1939. As in the case of results reported by 
Spaulding (12), those from Canada were not qualified by stating the degree 
of telium production, which, from the standpoint of pine infection, is the 
most important stage. 

Although Eihes rulmm has been reported susceptible to blister rust 
(12, 15), there are indications of rust resistance among its forms, e.c/., 
Tubeuf (15) cited the variety glabellxim Trautv. and Mey. as immune from 
blister rust after 5 years’ field testing. This form from northwestern 
Europe is late in blooming and also holds its foliage late. Spaulding (12, 
p. 52) too reported resistant varieties and described infections on 
nihrum vars. petrowalskyanum, pubesoens, and siberica: very scant sori, 
located beside large veins of leaf.” Inasmuch as the habitat of the species 
includes a geographical range extending in northern Europe from Scotland, 
Scandinavia, Poland, and Finland to northern Russia, and from Siberia to 
eastern Manchuria, it would appear likely that the species would include 
rust-resistant forms native to the probable original home (Siberia) of white- 
pine blister rust. 

Tubeuf (14, p. 300) rated Ril)es rxibrtmi growing in the wild state in 
Germany as producing a reduced degree of infection as compared with that 
on R. nigrum and R, aurexmi Pursh. Schellenberg (9) likewise reported 
the species growing in Switzerland to be exceedingly resistant to blister rust. 
Moreover, Spaulding,® in unpublished field notes made in Switzerland in 
August, 1922, while studying blister-rust conditions in Europe, recorded 
observations on R. r%ibriim made in company with Schellenberg at Zollikon, 
a few miles from Zurich. In a garden within 150 feet of badly diseased 
Pimis strobxis L. planted 30 years earlier, these investigators found both 
the European black and wild red currants growing in association with other 
ribes. R. nigrum was very heavily infected, whereas only a single infection 
spot could be found on one leaf of nihrum, Spaulding recorded this com- 
ment : ^ ‘ The search on R. rubrum was careful and thorough as Schellen- 
berg and I -were arguing about infection of this species at the time.” As 

5 statement communicated tlirougli the courtesy of Br, Perley Spaulding, Division of 
Forest Pathology, New Haven, Conn. 
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in the case of the rust-resistant petraemn varieties, it would be extremely 
Yaluable to know the exact form or forms of ruhrum from which riist-re- 
sistant varieties of this latter group originated. 

Ribes sativum and R. sativum var. macrocarpum Groups 

The remaining two red currant groups in Thayer’s classification (13, 
pp. 363-4) in which the characters of Eihes sativum and B. sativum var. 
macrocarpiim^ respectively, predominate are large groups. The former 
included in the early 1920 ’s almost all the varieties recommended for plant- 
ing in this coiuitr}^ Concerning B. sativum {vulgare), Thayer (13, p. 
317) had the following comment: ''This species, which, by the way, has 
been badly confused in the past with B. ruhrum, has for its habitat the 
dense woods, river banks and mountains of France from the Pyrenees to 
Brittany, Great Britain, Belgium, and possibly other countries of northern 
and western Europe. The true rulyrum, on the other hand, is a native of 
lands much farther north. B. vulgare is readily recognized by the blossoms 
which are uncolored and which show a pentagonal raised ring or pad on 
the surface of the ovary. . . . Vulgare shows but little variation in the 
wild, and Janczewski gives but one botanical variety, macrocarpum. The 
origin of this variety is shrouded in mystery.” The sativtim group re- 
sembles the macrocarpuyn in earliness of leafing, blooming, and ripening, 
and also in an early defolmtion (13, p. 373). The American Red Dutch, re- 
ported by the writer (6) as being rust-susceptible, according to Thayer 
(13, p. 373) is probably pure sativum. 

The Bihes sativum groups include those varieties of the cultivated red 
currants now recognized as most susceptible to blister rust. A large per- 
centage of the varieties reported by Spaulding (12) and the writer (5) 
belong to these groups and particularly to the macrocarpum section. 
Spaulding (12, Table 1), recording blister-rust infection, unqualified as to 
degree of uredium and telium production, and the writer (6, Pig. 2), re- 
porting uredium production on varieties belonging to these two groups, in- 
dicated, as previously stated by the writer (5, p. 116), that cultivated reds 
can be considered as only a fair host for Cronartium rihicola, for fewer 
fruiting bodies are produced on them than on most Ribes, even when in- 
fected under the most favorable conditions. In estimating degree of in- 
fection, the writer compared uredium production on red currants to nre- 
dium production under favorable conditions on completely infected leaves 
of the very destructive European black currant, which was taken as a 
standard. 

In addition, the writer (5, p. 107) commented upon the limited period 
of receidivity of red currant leaves to blister-rust infection, and Spaulding 
(12, p{). 52 and 54) described a common necrosis of leaf tissue resulting 
from infe(dion. . His plate V, fig. 4, shows infection on a variety originating 
from Bibes sativum vai*. macrocarpum. As might be expected, this necro- 
sis, t()gether with lesions resulting from other fungus and insect attacks, 
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very probably augments the natural early defoliation eharaeteristie of the 
saMvum and hybrid groups (3; 13, p. 373). In recent publications Snell 
(10, 11), in connection with very valuable studies of sporidia of Cronmiium 
rihicola in relation to infection of white pine, has contributed additional 
data on necrosis of blister-rust infection spots on red-currant leaves in New 
York State, and also on defoliation of these plants during the early summer. 

Telium production on infected leaves of red currants derived from 
B'ibes sativum, has not received all the attention it should, particularly in 
the Northeast. Additional data are needed not only on the volume of 
telium and sporidium production on the most susceptible reds including 
those that have ‘'escaped'’ to the wild, but also on the viability of telia on 
sativum, especially those on areas of infected leaf tissue %vhich finally die. 
Further studies also should be made on the season of defoliation of infected 
red currants in the field and its effect upon wdiite-pine infection. 

SUMMARY 

Heretofore, in American blister-rust literature, all cultivated red-cur- 
rant varieties have been lumped for convenience under Rihes satkmni 
(Rchb.) Syme {B. vulgar e Lam.), the most rust-susceptible species of this 
class of horticultural plants. In the light of our present knowledge of the 
taxonomical-pathological relationships of certain varieties that belong to 
other ribes species and that are highly resistant to or immune from Crcmar- 
iiitm rihicola Fisch., such a treatment must now be considered obsolete. 

According to Paul Thayer, whose classification is followed in the present 
paper, the cultivated reds originated from at least 3 European species — 
Bihes peiraeum Wulf., B. ruhruni L., B. sativum, and B. sativum V'di\ 
macrocarpum Bailey. Blister-rust relations of cultivated red currants be- 
longing to these groups are discussed. 

The Bihes petraetim group is small and includes forms whose foliage, 
blossoms, and fruit appear late, the leaves hanging on the bushes until 
winter. Varieties belonging to petraeum are highly resistant to or immune 
from blister rust. In the literature the petraeum forms, Rivei%s Late Red, 
Long Bunch Holland (syn. Holland, Franco-German), Red Dutch (Hol- 
landische Rote), and Viking (syn. R0d Hollandsk Druerips), have been 
reported to be immune and Prince Albert to be highly resistant to blister 
rust. 

Greenhouse inoculation tests on Red Dutch (Hollandische Rote), that 
demonstrated the variety to be immune, are reported in this paper. These 
results corroborate field tests and observations by the late Professor Tubeuf 
in Germany. 

The morphological characters of Red Dutch (Hollandische Rote) and 
Viking are very similar. During the growing season both immune varieties 
are distinguishable from the common rust-susceptible garden varieties he- 
loiigmg to Bihes sativum. 
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Altliougli tlie blister-rust relations of second generation Ked Diitcli 
seedlings have not been studied, those of Viking, previously published, 
showed the latter to breed nearly true for rust immunity. Selections of 
rust-immune Viking seedlings, some producing red and others white fruit, 
are reported in this paper. There is the possibility that some of these 
selections will be homozygous for rust immunity. 

A preliminary report is made on telium production on the scant number 
of suseepts discovered during an earlier study of a large population of sec- 
ond-generation Viking seedlings. Over a period of 4 years (1937 to 1940) 
meager rust infection was obtained in greenhouse tests, e.g.^ on leaves of 
the most susceptible seedling only a very few telia formed and these oc- 
curred on areas of leaf tissue that finally died. 

The Eilyes ruhriim group likewise is a small one. It includes forms 
whose leaves are markedly pubescent on the under side. As in the case of 
the petraeum group, the leaves of the nihrwm group are retained until late 
in the year. Forms belonging to nihnim show a very much reduced degree 
of infection or are highly resistant. The commercial variety, London 
Market, has been investigated most extensively and forms of it are reported 
to be nearly immune. 

The Rihes saMvum and B. satimim var. macrocarpnm groups included 
in the early 1920 almost all the varieties recommended for planting in 
this country. The two groups are characterized by earliness of leafing, 
blooming, and ripening, and by an early defoliation. Most of the varieties 
that have been tested for blister rust belong to these two groups, which 
include forms now recognized as being most susceptible for red garden 
currants. Comparison is made between them and varieties derived from 
petraeum and riibrum with regard to their reaction to blister rust. It is 
pointed out that rust infection, together with lesions resulting from other 
fungus and insect attacks, very probably augment natural early defoliation 
of sativum varieties. 


Despite a considerable amount of published work concexming the blister- 
rust relations of cultivated species of red currants, there are numerous 
questions pertaining to varieties belonging to the Eiies sativum group that 
need further investigation, e.g., additional data on the volume of telium 
and sporidium production, the viability of telia, especially those on dead, 
infected leaf tissue, and field studies of the season of defoliation and its 
effect on white-pine infection. 

Division of Forest Pathology, Bureau op Plant Industry, 

United States Department of Agriculture, cooperating with 
The Osborn Botanical Laboratory, ^ 

Yale University, New Haven, Connecticut. . ' ■ 
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OBSERVATIONS ON CERCOSPORA LEAF SPOT OP TOBACCO 
AND THE QUESTION OP VARIETAL RESISTANCE^ 

E u T H A . McLean 
(Accepted for publication July 25, 1942) 

An outbreak of leaf spot caused by Gercospora nicotianae E. and B. on 
flue-cured tobacco occurred in fields at the Tobacco Experiment Station, 
Oxford, North Carolina, in 1941. Although this disease is present each 
year in North Carolina, it is usually of little importance. The early appear- 
ance and prevalence of spots in 1941 attracted attention, and, consequently, 
certain observations were made. 

Gercospora leaf spot of tobacco has been reported to cause considerable 
damage to the crop in Queensland, Ehodesia, Sumatra, Malaya, and Nyasa- 
land (14, 5, 23, 11, 22, 9). In Ehodesia (5) the yearly loss ascribed to it 
in 1939, was £100,000. The severity of the disease is conditioned by the 
prevailing* weather and, accordingly, varies from year to year in a given 
location and in different localities. 

MATERIALS AND METHODS 

The observations involved 2 to 4 rows each of 30 varieties of flue-cured 
tobacco planted for the production of seeds. About one-third of the plants 
of each variety had not been topped, and the seed heads had been bagged 
about 2 weeks before the first observations were made. Counts of all spots 
on all leaves of 10 plants of each variety were recorded for each leaf accord- 
ing to its position on the stalk. No attempt was made to determine the 
effect, if any, of topping on the susceptibility of plants to spotting. Identi- 
fication of the pathogen was attempted by direct microscopic examination 
and study of cultures. 

OBSERVATIONS 

Many minute circular to angular necrotic areas, 0.5 inm.~5.0 mm. in 
diameter, in which hyphae were found, but on which conidia were absent, 
occurred on all plants under observation. Hopkins (6) of Ehodesia re- 
ported similar spots in 1929. Again, in 1933 (7), he reported that Cerco- 
spora may produce symptoms almost typical of the browm spot caused by 
Alteimaria loyigipes (E. and E.) Mason. He ascribed the abnormal appear- 
ance of lesions to a prolonged, cold, wet period at the beginning of the season 
followed by a severe drought. 

The small lesions observed at the Oxford Experiment Station, wdien 
surface-disinfected and cultured, produced sterile mycelium. Potato-dex- 
trose agar, as reported by Nagel (16), was used without success in an effort 
to secure sporulation. The fungus grew luxuriantly but produced only 
sterile hyphae on meat-extract agar containing 2 per cent dextrose. It did 

^ A cooperative investigation by the Departments of Botany and Chemistry, Duke 
University. The writer is indebted to Dr. F. A. "Wolf and Dr. P, M. Gross for their 
assistance in the preparation of this paper. 
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not Iriiit on bits of infcctocl tobncco losf tissue tb8,t bnd been placed in hninid 
chambers for 24-48 hours. Diachun (2) has reported that Cercospora 
'nicotTd'HQG spolulates leadilj on tobaecodeaf-deeoetion a^ai* when cultures 
are held for 48 hours in the dark at 27° C. 

The small necrotic spots, first noted on July 24, increased little in size 
during the period July 24 to August 20, and the pathogen did not sporulate. 
The lesions observed would not have been recognized macroseopically dur- 
ing this period on the basis of the classic descriptions of mature Cercospora 
spots. However, 3 days of favorable weather, commencing August 19 with 
a rain during the night and continuing through August 22 (Table 1), in- 



LEAF POSITION 

Fig. 1. Spots per leaf position for two varieties of flue-cured tobacco. 

diieed abundant sporulation on Angnst 22, on more than 50 x^er cent of the 
lesions. Weather conditions during these 3 days differed from those of any 
3-day period of the interval July 24 to August 19, in the number of hours 
the atmosphere was saturated, the amount of cloudiness, and in maximum 
temperatures that were less than 90° F. The interrelation of these .factors 
on the growth and sporulation of Cercospora nicotianae is unknown. Man- 
delson (13) has determined that on culture media in the laboratory 45.5° 
and 93° F. ai*e minimum and maximum temperatures respectively for 
growth. It may be assumed that the pathogen in the lesions which did not 
show sporulation on August 22 did not survive the extremely di\Y, hot 
weather of the preceding month. 

Abundant sporulation by Cercosx^ora on certain lesions and b.y Alter- 
naria on others, figure 2, made possible a rapid and accurate differentiation 
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of spots in tlie field. The spots counted on July 24 proved, with few excep- 
tions, to have been caused by Cercospora. Three observations, as listed 
below, are shown by the counts for two varieties, G-old Dollar and Adcock 
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Pinkney Arthur (Fig. 1). The former is representative of varieties show- 
ing the highest count at the level of the tenth leaf from the top of the plant 
and the latter, of those showing the lowest count. Similar counts also were 
made in other plats on the farm. 

1. Several varieties were almost spot-free for the 10th leaf from the top 
of the plant in contrast with certain other varieties. 

2. In the case of all 30 varieties, the upper 5 leaves showed definite 
spotting' hut markedly less than the lower leaves. 

3. A progressively higher count per leaf, the lower its position on the 
stalk, was noted in all varieties. 


TABLE 1. Meteorological data in relation to spondation of Cercospora nieottanae 


Bate 

Preeipi- 

tationa 

Temperature 

Saturation 

ISTo. hours per 24 hours 

Character 
of day 

Sporula- 
tion of 
fungus 



Min. 

Max. 

Hours 

Period 


In. 







July 24 

0.32 

61 

88 

10 

8 : 00 p.m.- 6 : 00 a.m. 

Clear 

0 

25 

0.00 

61 

92 

7 

11 : 00 p.m.- 6 : 00 a.m. 


0 

26 

0.00 

61 

93 

3 

3 : 00 a.m.— 6 : 00 a.m. 

Clear 

0 

27 

0.00 

74 

95 

8 

9: 00 p.m.- 5: 00 a.m. 


0 

28 

0.00 

72 

95 

3 

4: 00 a.m.- 7: 00 a.m. 

Clear 

0 

29 

0.00 

73 

97 

12 

8 : 00 p.m.- 8 : 00 a.m. 

Clear 

0 

30 

0.38 

71 

95 

6 

2: 00 a.m.- 8: 00 a.m. 

Clear 

0 

31 

0.15 

74 

95 

12 

8 : 00 p.m.— 8 : 00 a.m. 


0 

Aug. 1 

0.00 

72 

96 

4 

4: 00 a.m.- 8: 00 a.m. 

Clear 

0 

2 

0.00 

73 

94 

4 

12 : 00 p.m.- 2 : 00 a.m. 








4: 00 a.m.- 6: 00 a.m. 

Clear 

0 

3 

0.00 

70 

92 

5 

3 : 00 a.m.— 8 : 00 a.m. 


0 

4 

0.00 

69 

91 

13 

8: 00 p.m.- 9: 00 a.m. 

Clear 

0 

5 

0.73 

67 

92 

6 

11: 00 p.m.- 8: 00 a.m. 


0 

6 

0.00 

68 

91 

0 


0 

7 

o.oa 

62 

92 

0 


Cloudy 

0 

8 

0.00 

66 

97 

0 


Clear 

0 

9 

0.00 

68 

99 

0 


Clear 

0 

10 

0.00 

66 

98 




0 

11 

0.00 

65 

95 

6 

12: 00 p.m.— 6: 00 a.m. 

Clear 

0 

12 

0.80 

70 

95 

0 

Clear 

0 

13 

0.10 

61 

77 

4 

4: 00 a.m.- 8: 00 a.m. 


0 

14 

0.00 

49 

89 

5 

3: 00 a.m.— 8: 00 a.m. 


0 

15 

0.00 

59 

89 

3 

5: 00 a.m.- 8: 00 a.m. 

Clear 

0 

16 

0.00 

68 

93 

0 



0 

17 

0.00 

62 

86 

0 



0 

18 

0.00 

57 

80 

0 


Decidedly 








cloudy 

entire 

day 

0 

19 

0.00 

65 

92 

6 

1: 00 a.m.— 8: 00 a.m. 

Clear 

0 

20 

0.81 

67 

84 

24 

8 : 00 a.m.- 8: 00 a.m. 

Cloudy, 








gentle 
rain all 








day 

0 

21 

0.00 

66 

86 

16 

8: 00 a.m.-12: 00 a.m. 







8 : 00 p.m.— 8 : 00 a.m. 

Cloudy 

0 

22 

0.00 

68 

88 

2 

8 : 00 a.m.-lO : 00 a.m. 

Cloudy, 

heavy 








fog 

4 Heavy 


a For 24 liours ending at sunset of date indicated. 
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METEOROLOGICAL DATA 

Data are given in table 1 for tlie period from July 24, when the counts 
were begun, until August 22, when identity of most of the lesions was defi- 
nite because of sporulation of the pathogen. Temperatures recorded were 
shade temperatures. A continuous record of the relative humidity and 
temperature was made by a Priez hygrotherniograph placed 2 feet from the 
ground in a tobacco field on the Oxford experiment station farm. 

DISCUSSION 

General 

In considering the observations recorded, it is interesting to note that 
the maximum number of spots occurring on any leaf was 8 (Pig. 1), 
whereas, in parts of Australia (14), in Ceylon (18), and perhaps in other 
places where conditions are favorable for the development of the disease, 
100 spots or more per leaf are encountered in flue-cured tobacco. During 
some seasons in North Carolina, where there are decided variations in the 
amount of rainfall and the number of cloudy days, many more spots per 
leaf occur than the maximum recorded for 1941, 

In attempting to draw conclusions from the results listed, the factors 
that modify infection, such as light, moisture, temperature, prevalence of 
inoculum and susceptibility of leaves must be considered. 

Sources and Distribution of Inoculum 

Keports dealing with sources of inoculum of cercospora leaf spot of 
tobacco sho^v that these sources differ according to varying locations and 
cultural practices (17, 21, 25, 8, and 3). 

The presence of species of wild tobacco, susceptible to cercospora infec- 
tion in the vicinity of tobacco fields, is listed as a source of inoculum (3). 
It is suggested that until more extensive cross-inoculation tests are made, 
the possibility of host plants other than those listed by Hill (3) serving as 
sources of inoculum, should not be overlooked. However, regarding air- 
borne spoi'es Park (17) has shown that cercospora spores were not trans- 
mitted, in a viable condition, as much as 100 yards by air currents. 

Inasmuch as cercospora is knowm to be seed-borne (25), it is possible 
that spores that caused the spots counted on July 24, were produced on 
lesions of the lower leaves of the young plants in the field or could have been 
present on the seedlings at the time of transplanting. In such case, it is 
probable that more spores would have reached the lower than the upper 
leaves during the period favorable to infection. The same would have been 
true had the soil in the field, a source considered by Park (17) of primary 
importance in Ceylon, been responsible for the outbreak. 

Increased Susceptibility of Lower Leaves and Varietal 
Differences in Degrees of Spotting 

Experimental work to determine whether there was an equal distribu- 
tion of inoculum from the uppermost to the lowest leaves on the stalks was 
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not done, nor was inociiluin artificially applied to insure its equal distribu- 
tion on leaves at all levels on plants under observation. Observational 
evidence, however, permits the conclusion that the lower leaves were more 
susceptible to invasion by the fungus than the upper leaves. 

The counts (Fig. 1) show unquestionably that a greater number of spots 
were present, on a given date, on the lower than on the upper leaves. It 
is the generally expressed opinion, though not supported by experimental ‘ 

evidence, that the low^er a tobacco leaf is on the stalk, and consequently the 
riper, the more susceptible it is to cercospora infection (6, 4, 13, 14, 7, 24). 

This opinion also accords with observations by Shear (20) in regard to 
physiological spotting of flue-cured tobacco leaves and those of Anderson i 

(1) in regard to the John Williams Broadleaf spot of shade-grown cigar ’ 

tobacco. Differing observations, however, in respect to cercospora spotting | 

are expressed by Hornby (10) and Schweizer (19). 

An unpublished report on inoculation studies of Aliernaria loiigipes 
(12) contains evidence that the fungus involved is capable of invading 
leaves or sections of leaves that have reached a certain degree of maturity, 
but that under precisely the same conditions otherwise cannot establish it- 
self on younger leaves or portions of a leaf. 

Mandelson (13) has presented experimental evidence that more rapid 
destruction of leaf tissue by Cercospo7^a nicotianae takes place in mature 
than in less mature leaves. This accords with the statement by Mohr (15) 
in Sumatra, that plants of Nicoiiana triplex, which, in contrast with other 
Deli varieties and foreign tobaccos, showed some degree of resistance to cer- 
cospora spotting, had no fewer spots than less resistant varieties, but that 
the spots were smaller. , 

It is known that leaves at the same stalk level on different plants of one 
variety, grown under presumably comparable conditions, ripen on different 
dates. Likewise, certain varieties ripen earlier than others. Definite cri- 
teria for judging ripeness have not been established. Consequently, data 
other than stalk position regarding the condition of leaves at the time counts 
were made, are not available for correlation with counts of spots. 

The difference for the 2 varieties having the most -widely divergent counts 
for the tenth leaf from the top of the plant is shown graphically (Pig. 1). 

A varietal difference in susceptibility seemed on first thought a possible 
explanation. Statistical analyses showed that Gold Dollar, the variety hav- 
ing the greatest average count for the tenth leaf from the top, differed sig- 
nificantly in this respect from Special 400, Adcock Pinkney Arthur, Mam- 
moth Gold, Coheres 1940 Selection and Jamaica Huggins. Due to the rapid 
ripening and harvest of leaves in the field under observation, counts of spots 
on leaves at stalk levels low^'er than the tenth were not obtained in sufficient 
numbers to justify conclusions in regard to them. Counts at any leaf posi- 
tion for remaining 25 varieties did not differ significantly from those of 
Gold Dollar. 

An uneven distribution of inoculum could have accounted for the dif- 
ferences in counts obtained for different varieties. However, in the case of . ? 
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the field under observation, presumptive evidence that an even distribution 
of inoculuni occurred over the entire variety field is presented in the counts 
obtained for variety 401 in an adjoining field and in the field in question. 
Counts of spots on 100 leaves, at the level of the tenth from the top of the 
plant, variety 401, widely distributed in a 2>acre field, did not differ sig- 
nificantly from counts for leaves at the same stalk level, variety 401, at a 
distance of 1000 ft., in the variety field. There is admittedly a remote 
chance that a gradient could have existed across the field, in the concentra- 
tion of inoculum. This possibly could have existed by eoineidenee, depend- 
ing upon the soimce of inoculum, for the variety field and not for the field 
compared to it. Strong evidence that this did not occur and that an even 
distribution of inoeuluin, whatever its source and the means of distribution, 
prevailed over the entire variety field for any given stalk position, is found 
ill the examination of counts for Gold Dollar growing in two rows along the 
edge of the field and in two rows two-thirds of the distance across the field. 
Counts for any leaf position of this variety were practically the same for 
both locations in the field. 

Howevei’, the differences between varieties noted for the tenth leaf from 
the top of the stalk were not found in the case of leaves at higher levels, for 
example, leaves 7, 8, and 9 from the top of the plant. One exception to this 
was in the case of the eighth leaf from the top of the plant in Jamaica 
Huggins. This makes it appear unlikely that varietal resistance exists 
among these different types because presumably it should operate not only 
for the lowest leaf on the stalk, but also for the next higher and for leaves 
at all levels. On the other hand, the fact that counts (Fig. 1) at all stalk 
levels downward through the ninth leaf w^ere essentially the same for the 
varieties that differed widely in the count for the tenth leaf from the top 
of the plant, is presented as an indication that the condition of the leaf as 
regards ripeness determines its degree of susceptibility to cercospora 
spotting. 

The present data and observations emphasize the necessity for careful 
scrutiny of the evidence for the existence of differences in varietal resistance. 
The evidence should be examined from the point of view of even distribution 
of inoculum, equally favorable atmospheric conditions for infection at any 
given stalk level and equal ripeness of leaves compared. In regard to dis- 
tribution of inoculum and equally favorable conditions for infection, leaves 
from all the plants for any given stalk position were probably comparable 
at any given stalk level. However, the remote possibility that the tenth 
leaf from the top of the plant in Gold Dollar was, on the average, lower on 
the stalk than was the tenth leaf in the varieties from which it differed sig- 
nificantly, should be considered in an attempt to explain differences in num- 
bers of spots. If this had been true, and the soil an important source of 
inoculum, a higher count would have been expected for the lowest leaves, 
in such case the amount of inoculum reaching the ascending leaves would 
liave been proportionately greater in this variety than in the others, Dif- 


1943] 


McLean: Leap Spot op Tobacco 


361 


ferences in amounts of spotting by spread of inoculum upward from the 
lowest leaves by means of air currents, insects, and spattering rain might 
be accounted for by differences in infection of seedlings when removed from 
the seed bed. The influence of these factors on the infections observed is 
unknown. 

The leaves of the different varieties that were compared, though at the 
same stalk levels, were not known to be of equal ripeness. It is likely that 
varietal diff'erences known to condition the time necessary for maturing of 
leaves account for the differences observed in susceptibility to spotting. It 
is not possible to claim the existence of definite evidence for the presence of 
varietal resistance independent of maturity of leaves, on the basis of the 
available data. This is in agreement with the decision of van der Weij 
(24) who made observations that he thought possibly indicated varietal 
resistance. In order to secure definite evidence of differences in varietal 
susceptibility to cercospora leaf spot, it would be necessary to determine by 
preliminary inoculation tests, the chronological age at which leaves of dif- 
ferent varieties developed a maximum number of spots under standardized 
conditions. Then, if standardized conditions could be maintained through- 
out the tests, counts of spots, made for leaves at certain stalk positions for 
each variety on the date wdien leaves in these positions were known to be 
most suscept.ible, would be significant in comparing varieties for resistance 
to spotting. 

SUMMARY 

An outbreak of leaf spot caused by Cercospora nicotianae on flue-cured 
tobacco occurred in the fields at the Tobacco Experiment Station, Oxford, 
North Carolina, in 1941. Most of the lesions remained atypical in appear- 
ance during the greater part of an unusually dry, hot growing season and 
would not have been recognized macroscopically on the basis of the classic 
descriptions of mature frog-eye spots. Cultural studies were made to deter- 
mine identity of the fungus. Identity of the causal fungus -was definitely 
confirmed when a prolonged rainy period during the latter part of the sea- 
son induced abundant sporulation of the fungus in a large percentage of 
the lesions under observation. 

Several varieties were almost free of spots for the tenth leaf from the 
top of the plant in contrast with certain other varieties. Definite evidence 
of differences in varietal susceptibility cannot be claimed as the leaves com- 
pared, although of the same chronological age, were not known to be of equal 
ripeness. 

Evidence is presented to show that apparent differences in susceptibility 
of two varieties were probably due to the earlier ripening of the lower leaves 
of one variety than of those of the other, rather than to a specific resistance 
of one variety to the pathogen. 

In all varieties the upper 5 leaves showed definite spotting but markedly 
less than the lower leaves. 
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In all varieties a progressively higher count per leaf, the lower its posi- 
tion on the stalk, was noted. 

Duke University^, 

Durham, North Carolina. 
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SOME RELATIONSHIPS BETWEEN POTATO YELLOW-DWARF 
VIRUS AND THE CLOVER LEAP HOPPER 

L . M . Black 

(Accepted for publication September 17, 1942) 

INTRODUCTION 

It is the purpose of this note to make available hitherto unpublished 
miscellaneous information on the clover leaf hopper, Aceratagallia sanguino- 
lenia Prov., and the potato yellow-dwarf virus, Marmor vastans H. var. vuU 
gave Black. Data on the transmission of the virus by nymphs, the failure of 
the virus to affect insect mortality, and the incubation period of the virus in 
crimson clover, Trifolmm incarnahim L., were accumulated incidentally 
during studies on genetic variation in the ability of the clover leaf hopper 
to transmit potato yellow-dwarf virus (3), In addition, the paper includes 
an account of experiments on the incubation period of the virus in the insect, 
the frequency of transmission of virus, and the failure of the virus to pass 
through the insect egg. These experiments were either performed too late 
for inclusion or were unsuitable for inclusion in earlier papers. 

TRANSMISSION BY NYMPHS 

Transmission of potato yellow-dwarf virus by adults and nymphs of the 
clover leaf hopper has been observed in hundreds of cases in controlled experi- 
ments. In experiments on active and inactive races of the clover leaf hopper 
(3), the presence or absence of a east skin was recorded whenever individual 
insects were transferred to fresh test plants. The instar or instars in which 
an insect had transmitted the virus was determined by counting these east 
skins back from the last ecdysis. Failure to find a skin that actually had 
been cast would therefore result in recording an infection by an instar older 
than that in which the transmission took place. Thus, the small number of 
errors of this sort which may have been committed do not invalidate the 
conclusions drawn from the data. According to Watkins (6), the clover 
leaf hopper passes through 5 nymphal instars, and this number has been 
assumed for all insects in the present study, although in an experiment 
described below evidence for some variation in the number of instars was 
obtained. Altogether, 0 transmissions were recorded for the 1st instar, 
1 for the 2nd, 17 for the 3rd, 61 for the 4th, and 227 for the 5th. It seems 
safe to conclude, at least, that transmission occurred in the 3rd, 4th, and 5th 
nymphal instars. There is a remote chance that the record of a single trans- 
mission by a nymph in the 2nd instar may be due to a contamination or a 
mistake in recording data. The data should not be construed as indicating 
that transmission does not occur in the 1st instar because in the experiments 
from which these data were derived the earlier the instar the fewer the 
insects tested. 
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FAILURE OF VIRUS TO AFFECT INSECT MORTALITY 

It is interesting that not a single plant virus has been found to affect 
its insect vector in any way other than to render it infective. In an attempt 
to discover whether or not the potato .yellow-dwarf virus had a deleterious 
influence on the clover leaf hopper, the mortality of the leaf hoppers in the 
genetic studies (3) was analyzed in relation to their infectivity. The odds 
for any difference not being due to ehanee alone were derived by the use of 
the 4-fold table. The chi-square values were translated into odds by using 
corresponding probability values in Fisher’s (4) or Yule’s (7) tables. To 
facilitate the analysis, neither insects dying as nymphs nor any of the 
hybrids between the active and inactive races were included. Insects dying 
on their first test plant also were not included, because they were considered 
to have been inadequately tested for infectivity. Analysis of the data on the 


TABLE 1 . — Insect ^nortality in 'various population groups 


Infectivity 

Eace 

Total 

insects 

Insects 

dying 

Percentage ' 
of insects 
dying 

Odds that differ- 
ence not due to 
chance alone 


Active 

562 

81 

14.4 


Infective 

Inactive 

78 

8 

10.3 



Total 

640 

89 

13.9 



Active 

163 

32 

19.6 

) 

Noninfective 

Inactive 

698 

76 

10.9 

V >100: la 


Total 

861 

108 

12.5 


Both 

Aciive ; 

725 

113 

15.6 

■) 

Inactive j 

776 

84 

10.8 

> 97 : la 


These were the only differences found to be significant. 


rest of the insects reveals that out of 640 infective individuals 89, or 13.9 per 
cent, died, whereas out of 861 noninfective individuals 108, or 12.5 per cent, 
died. This difference is not significant (odds 1:1); that is, the chances were 
only 1 : 1 that the difference was not fortuitous. However, when the infec- 
tive and noninfective insects in each race were considered separately (Table 
1), the data revealed a possible tendency for a higher death rate among non- 
inf eetive than among infective insects in the active race (odds 5:1). This 
difference may be fortuitous or, if there be such a tendency, it may be noth- 
ing more than a reflection of the probability that the death of some insects 
during the test period prevented them from shifting from the noninfective 
to the infective group. If the data are considered from the standpoint of 
race (Table 1), it is apparent that there is a significant difference between 
the two races. More deaths occurred in the active race, independently of 
whethei the insects were infective oi" not. The higher death rate in the 
active race is attributed to the effects of inbreeding which fortuitously were 
more harmful in the active race than in the inactive one. When the data 
were reconsidered on the basis of sex, it was found that out of 731 males 103, 
or 14.1 per cent, died, and out of 770 females 94, or 12.2 per cent, died. This 
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difference is not significant (odds 2:1). The data reveal no evidence that 
the potato yellow-dwarf virus hastens the death of clover leaf hoppers trans- 
mitting it. 

INCUBATION PERIOD OP THE VIRUS IN CRIMSON CLOVER 

During studies on the genetic variability of the clover leaf hopper in 
transmitting potato yellow-dwarf virus (3), the week in which each clover 
test plant developed symptoms was recorded. These data have been col- 
lected and arranged in table 2. The test plants upon which the 5th genera- 
tion of insects were tested were omitted from the table, since weekly records 
were not made on them. Usually, insects were kept on test plants for 1 
week; if the period exceeded 1 week the resulting data were also omitted 


TABLE 2. Incuhatiou pcviod of potato yelloiv-dwavf ‘virus in crimson clover 



Insect 

generation 

tested 

N umber of plants developing symptoms in the 

Experimental 

period 

1st 

week 

2nd 

week 

3rd 

week 

4tli 

week 

5th 

week 



1 after the inoculation period of 1 week 

Feb. 3, 1937 to 
Apr. 28, 1937 

i 

P 

j 1 

36 

15 

7 

0 

Apr. 28, 1937 to 
June 9, 1937 

G-i 

0 

22 

11 

4 

0 

Sept. 1, 1937 to 
Nov. 10, 1937 

Go 

2 

29 

10 

7 

1 

Dec. 4, 1937 to 
Feb. 27, 1938 

Ga 

3 

159 

164 

70 

21 

Mar. 18, 1938 to 
May 20, 1938 

G4 

19 

96 

43 

16 

10 

Oct. 3, 1938 to 
Nov. 30, 1938 

Go 

1 

45 

57 

33 

13 

Dec. 15, 1938 to 
Mar. 2, 1939 

G7 

2 

61 

79 

53 

29 

Apr. 27, 1939 to 
June 15, 1939 

Os 

1 

17 

33 

16 i 

8 

June 29, 1939 to 
Aug. 31, 1939 

Go 

3 

80 

122 

42 

18 

Total 


32 

545 

534 

248 

100 


from the table. The experimental period (Table 2) includes the period 
during Avhich the plants were inoculated and the subsequent period during 
which they were observed in the greenhouse. Incubation periods w^ere reck- 
oned from the middle of the feeding period of 1 week. For example, if a plant 
developed symptoms during the following week, the fact 'was recorded in 
table 2 under the 1st week. This method of recording the data is believed 
to give a fairly accurate picture of the variation in the incubation period. 
However, it must be pointed out that no case of an incubation period as short 
as one ^veek was observed, i.e., no plant was observed to have symptoms of 
disease wdien the insect was removed from it at the end of the 1-week feeding 
period. It is apparent from the table that the incubation period is quite 
variable and that most plants develop the first symptoms of the disease in 
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the 2iid and 3rd weeks. It is also evident from the totals that some plants 
may be expected to develop symptoms after the 5th week but that this num- 
ber will not be an important fraction of the plants inoculated. 

INCUBATION PERIOD IN THE INSECT 

As the result of a preliminary experiment, the incubation period of 
potato yellow-dwarf virus in the clover leaf hopper was reported in an 
earlier paper as being about 9 days (1). Since that time additional experi- 
ments have been performed. The experiments are summarized in table 3. 
Altogether, 8 experimental and 1 control series of transfers were carried out. 
In all series the nonviriiliferous insects were fed on potato plants {Solamim 
tuberosum L. var. Green Mountain) for 24 hours before beginning the series 
of daily transfers on fresh healthy test plants. During this preliminary 24 
hours, the control series was fed on healthy plants, the others on the tips of 
stems in the acute stage of yellow dwarf. In series 2 the experiment was 
begun with adults, in all others with nymphs. Many of the nymphs changed 
to adults before the transfers were completed. In series 1, 2, and 3, young 
healthy potato plants were employed as test plants; in the other series, 
crimson clover plants were used. The clover test plants had about 4 tri- 
foliate leaves when the insects w^ere added. The number of insects sur- 
viving at each transfer and the presence or absence of yellow dwarf in the 
test plants are given in table 3. It is evident from the table that the potato 
yellow-dwarf virus had a variable incubation period in the clover leaf 
hopper, a minimum of 6 days (series 4) and a maximum of 10 days (series 
6, 7) being detected. It seems probable, however, that if incubation periods 
had been determined for single insects much longer intervals would have 
been recorded for some individuals. 

This seems the more likely if one considers data obtained by testing single 
insects in the genetic studies (3). In these studies there were 133, 65, 42, 
42, and 8 insects that failed to transmit until the 2nd, 3rd, 4th, 5th, and 6th 
weeks, respectively, after completing their feeding period on diseased plants. 
It is believed that these delays probably represent long incubation periods 
because it seems probable that, in most cases, these insects did not transmit 
virus during the period they were reared on diseased plants. However, be- 
cause the period the insects fed on diseased plants varied from about 2 to 4 
weeks, it is impossible to be certain that these long periods represent incu- 
bation periods and not long lapses between transmissions. To make certain 
of such a long incubation period as the 6-week period indicated above wuuld 
require the testing of single insects on a large scale after permitting them 
to pick up viriis for one day only. 

EREQIJENCY OP TRANSMISSION 

Fo detcumine the frcHjueiicy with which the clover leaf hopper transmits 
potato yellow-dwarf virus, 2 experiments were carried out in which, each of 
seveial inlective insects was transferred daily to a fresh healthy crimson 



TABIjE 3. — Incifljalum period of potalo yellow-dwarf virus in Ihe clover leaf hoppt 
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clover seedling. In both experiments the insects were members of the active 
race (3), the insects of the 1st and 2nd experiments coming from the 7th and 
8th generations, respectively. In both cases the insects were hatched and 
reared on diseased crimson cloA^er and began their series of daily transfers 
as nymphs. In the 2nd experiment data as to sex and ecdyses were recorded 
and 2 control plants to which no insects had been added were included each 
day. Plants were held for observation for at least 6 weeks after the insects 
were placed on them. The results are presented in table 4. 

It is apparent from the table that there is great variation in frequency 
of transmission between different insects and within the same insect at dif- 
ferent times. Insect 8, experiment 2, transmitted only on the 16th and 17th 
days that it was tested on healthy plants and not on any of the subsequent 
27 days that it was tested. On the other hand, insect 12, experiment 1, 
infected 25 out of the 30 plants on w^hieh it was tested. It infected as many 
as 10 successive plants. It is apparent that the virus remains in the insect 
through ecdysis; other than that, there is no' obvious relation between eedysis 
and transmission. There are many periods of several days between trans- 


missions. For example, insect 12, experiment 2, transmitted only on the 
8th, 24th, and 40th days. Insect 11, experiment 2, transmitted on the 10th 
day and then failed to transmit until the 35th day, more than 3 weeks later. 
On searching the data connected with the genetic studies (3), it was found 
that there were many such lapses in transmission. Altogether, there were 
149 eases of a lapse of 1 week, 36 cases of a lapse of 2 w^eeks, and 8 cases 
■where the lapse lasted for 3 weeks. The presence of some weed seedlings 
growing at random throughout the cages may account in part for lapses of 
transmission in the genetic studies (3) . This, however, could not be a factor 
in the experiments in which the insects were transferred daily, since the pots 

were always carefully weeded before the plant w^as caged and the insect 
added. 

The experiment also provides evidence that active insects remain infec- 
tive for at least 44 days under conditions w^here it is very improbable that 
they could acquire fresh virus from plants. In other preliminarv experi- 
ments the insects remained infective for at least 52 days while feeding on 
rye. It has been reported earlier (2) that the leaf hoppers remain virulifer- 
ous w'hile hibernating -wnthout access to plants for at least 167 davs that 
overwintering adult leaf hoppers collected in the field in the early spring 
were infective, and that virus could be demonstrated in the body of the 
insect in any season. It seems clear from these various observations that 

the potato yellow-dwarf virus is retained by the clover leaf hopper for long 

penocls. ^ 

PAILUEE OP VIRUS TO PASS THROUGH THE INSECT EGG 

Fuknshi (5) has reported the only known ease in which a plant virus 
passes iron, parent to offspring through the egg of the insect vector. To 
aseerta.n whether or not the potato yellow-dwarf virus passes from parent 
> jouiij, j waj 0 . the egg or sperm, an experiment was designed to test 


TABLE 4. — Frequency of transmission of potato pel low-dwarf virus hy individual, clover leaf hoppe 



+ = plant infected. - plant liealtliy. D == insect died. L = insect lost. 
Sniierscript c=rcast skin founds insect still a nympli. 

Superscript « = cast skin found, insect now an adult. 
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tlie progeny of yiruliferons parents before tbe progeny conld acquire virus 
from infected plants. Three matings were made between known viriiliferous 
individuals of the 6th generation of the active race (3). The number of 
plants infected by each parent varied from 1 to 4. In all, the 6 parents had 
infected 13 plants. Each female, after being mated, was transferred to an 
individual red clover plant {Trifolitim prat ense L.) suitable for the deposi- 
tion of its eggs. It was transferred to a fresh plant about once a wveek. 
These plants w^ere subsequently examined daily for nymphs, which w^ere 
removed and placed individually on single crimson clover seedlings. In 
this way the nymphs were removed from the plant on which they were 
hatched usualh^ before they w^ere 24 hours old, occasionally after this age 
but before they were 48 hours old. Bach of 121 surviving progeny w^'as 
tested for 1 week on each of 7 successive crimson clover seedlings. Each test 
plant w^as observed in the greenhouse for 7 weeks after the insect was re- 
moved. None of the 847 test plants developed yellow dwarf. A few addi- 
tional insects died before completing the test period of 7 weeks, but none 
of these infected any of the plants on which they fed. Transmission from 
parent to offspring did not occur. 

Incidentally, in this experiment a record of all cast skins was kept. Ac- 
cording to these records, 2 insects molted 6 times, 67 insects 5 times, 40 in- 
sects 4 times, 9 insects 3 times, and 1 insect twice in order to reach the adult 
stage. As some skins may not have been found, it is felt that the results 
on the low’er number of ecd^^ses may not be reliable. However, it seems safe 
to conclude that the normal nymph has 5 instars, the same number reported 
earlierby Watkins (6). 

The writer has thus far always obtained nonviruliferous nymphs when 
viriiliferous adults were caged on alfalfa {Medicago sativa L. var. Grimm). 
This procedure has been used repeatedly with success when nonviruliferous 
progeny was desired. The results confirm the failure of the virus to pass 
from parent to young through the egg and indicate that alfalfa is either 
immune from the virus or very resistant to infection. 

SUMMARY 

Clover leaf hopper nymphs in the 3rd, 4th, and 5th instars transmitted 
the potato yellow-dwmrf virus in many instances. One record of trans- 
mission w^as obtained by a nymph in the 2nd instar. 

No significant difference in mortality between infective and noniiifective 
insects w’-as observed. 

The incubation period of the virus in crimson clover plants was variable. 
The majority developed symptoms in the 2nd and 3rd weeks after the feed- 
ing or inoculation period of one wreck. Some plants developed symptoms 
diu‘ing the 1st week after the feeding period; others did not develop symp- 
toms until the eoth week. 

The incubation period of the virus in the insect was demonstrated to vary 
from 6 to 10 days. There is evidence that in individual insects the incuba- 
tion period may be much longer. 
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Individual insects may infect crimson clover seedlings dailv for at least 
10 days. On tlie other hand, a lapse of many days between transmissions is 

common. In one case there was a 25-day interval between two transmissions 

by tlie same insect. 

Insects transferred daily to fresh healthy clover plants remained infec- 

tive for as long as 44 days. Insects fed on rye were still infective after 

52 days. 

Virus did not pass from parents to progeny through the eggs or sperms 

of tne insect vector. 

Prom the Department op Animal and Plant Patholoot, 

The Rockefeller Institute for Medical Research, / 

Princeton, New Jersey. 
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AN ALTBENAEIA DISEASE OP ZINNIA 


A.W.DimockandJohnH.Osboen 
(Accepted for publication September 14, 1942) 

In the summer of 1934 specimens of an undescribed leaf spot of zinnias 
(Zinnia elegans) were deposited in the herbarium of the Cornell department 
of plant pathology, Cornell University, by John Dearness, who had collected 
the specimens a few days earlier in a garden in Ontario, Canada. The 
organism associated with the spots was tentatively referred to AUernaria 
solani, though no detailed study of the disease or the organism was made at 
that time. During the same summer, what appeared to be the same disease 
was noted in the floriculture gardens at Cornell University by C. E. P. 
Guterman, who established by controlled experiment the pathogenicity of 
the Alternaria strain involved. Unfortunately, no account of this work was 
ever published. The disease has recurred annually in the Cornell gardens 
and has increased so greatly in severity that it is now planned to abandon 
further culture of zinnias in these gardens until adequate, practical control 
measures can be devised. During the past 3 years the writers have received 
specimens of zinnias affected by the disease from gardens in many sections 
of New York State and haA'e seen the disease in severe form in a commercial 
planting near New York City. 

Eeeently (1936-1940), a zinnia disease, apparently identical with that 
herein described, has been reported by Weber (10) and Neergaard (7) in 
Denmark, and by Beaumont and Staniland (5) in England. Gram and 
Eostiop (6), earlier (1923), reported a seedling blight of zinnia in Denmark 
caused by Macrosporium eaudatum. It is possible that the same disease was 
here involved and that the pathogen was incorrectly identified. Alternaria 
on zinnia in the United States has been reported from Plorida (1), Connec- 
ticut (2, 3), and New York (4), though it is not known whether the diseases 
reported from Plorida and Connecticut are the same as the one in New York. 
In the autumn of 1941, two independent reports of limited development of 
the alternaria disease in zinnia plantings in California were reeeived.’^ 
Shortly after this manuscript was originally submitted for publication, the 
senior writer was advised by S. P. Wiltshire of the Imperial Myeologieal 
Institute of a paper by Pape (9) in which the alternaria disease of zimn'g 
and its pathogen are described. Inasmuch as Pape’s paper may not be 
readily available to American plant pathologists for some time to come, and 
because the disease appears to be a potentially serious threat to zinnia cul- 
ture, the following account is presented. 

.,t September 27, 1941, from Dr. Kenneth Baker, IJniversity of California 
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SYMPTOMS OP THE ALTERNARIA DISEASE 

On Foliage 

Perhaps the most common and conspicuous symptom of the alternaria 
disease is the spotting of the foliage. Individual spots are at first circular 


Pio.^ 1. Spotting of leaves and flower of white, dahlia-flowered variety of Zmnia 
following natural infection with YtKeraaria 

in outline, but rapidly become irregular. The spots Y'ary in size from 2 to 
10 mm. in diameter (averaging about 5 mm.), are reddish-brown and may 
have greyish-white centers on the upper leaf surface (Pig. 1). DifEerentia- 
tion of margin and center is lacking on the lower surface. As the spots 
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increase in size and number, the affected leaves become brown and dry. 
Sporulation is often rather poor on leaf spots, but, under proper conditions, 
spores may be produced in abundance. 

On Blossoms 

Blossoms may be ver}^ severely affected by the alternaria disease. Brown 
spots 1 or 2 mm. in diameter and sometimes having greyish-white centers 
appear on the petal tissues of the conspicuous ray flowers. Sporulation is 
often profuse on these spots and secondary infections may be abundant. 
Affected petals soon darken and wither, and the blossoms are rendered 
worthless as cut flowers or garden specimens (Pig. 1). 

On Stems 

Numerous small reddish spots, sometimes wdth greyish white centers, 
usually are visible along the internodal areas of the stems of affected plants. 
These are rarely more than 1 mm. across, though they frequently show longi- 
tudinal elongation. Such spots are ordinarily superficial. Occasionally, 
through coalescence, rather large areas may be involved. Large lesions, 
frequently girdling the stems, often form at the nodes, due either to growth 
of the fungus inward from affected leaves or to infection occurring directly 
in the leaf axils. Unlike the internodal spots, the nodal lesions ordinarily 
do not remain superficial, and the distal portions of the affected stems may 
be killed by complete girdling at the nodes. Stem tissues often are invaded 
by growth of the fungus downward from badly affected blossoms. Basal 
cankers are common on the stems of plants in infected beds. These are dark 
brown to black and become sunken in the central portion, fungous growth 
seems largely limited to the succulent cortical tissues, but complete girdling 
may occur. Affected plants often wilt completely, even when the basal 
cankers do not entirely girdle the stems. The root systems of such plants 
may remain healthy. 

On Boots 

Boot infection, while the least conspicuous, is perhaps the most serious 
phase of the disease since it is not amenable to control by the relatively 
simple measures that might be employed to control infection on stems, 
foliage and blossoms. The cortical tissues of affected roots become dark 
grey, rot completely, and slough off, resulting in wilting and death of the 
plants. Isolation of the pathogen from infected roots is rather difficult, 
since secondary organisms follow in rapidly. 

ETIOLOGY 

Isolations made by various workers at Cornell during the past 7 years 
from typical lesions on zinnia leaves and stems have consistently yielded a 
rather imiform strain of a fungus of the genus Alternaria. The patho- 
genicity of this organism has been repeatedly proved by inoculation of 
healthy zinnias with mycelium and spores from pure cultures. 
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Eig. 2. Camera-lueida drawing of cleared portion of infected zinnia leaf showing 
conidiopliores of Alternaria zinniae emerging through stomata. 

body of the spore (Fig. 3, G). The body of the spore has numerous longi- 
tudinal and transverse septa. Stages in development of the spores are 
illustrated in figure 3. 

Growth in Culture 

The fungus grows rather rapidly in culture and may cover a 9 cm. Petri 
dish of potato-dextrose-agar in 7 or 8 days at optimum temperature. The 
rough mat of mycelium, about 2 mm. high, may have a narrow whitish 
margin, but tlie central growth rapidly assumes a dark grey color. A red- 
dish pigment diffuses into the medium as the culture ages. The formation 
of this reddisli pigment has been demonstrated by the junior writer to be 


Development in Leaf Spots 

Microscopic examination of cleared infected leaf tissue reveals the pres- 
ence of light-colored intra- and intercellular hyphae wutliin the lamina, and 
brown-wnlled eonidiophores pushing through the stomata (Fig. 2). Spores 
of the fungus usually are visible on fresh specimens when atmospheric con- 
ditions favor sporulation. Such spores always appear to be borne singly 
on the eonidiophores, but occasionally, on material wFich has been kept for 
a few days in a dry chamber, catenulation of spores is evident. Chains of 
as many as 8 spores have been seen. The spores are large, averaging 170- 
210 by 20-24 microns, wuth a beak usually more than twuce as long as the 
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dependent upon the presence of sugars in the culture medium. Sporulation 
has been very poor on all culture media tested, including potato-extract agar, 
potato-dextrose agar, bean agar, oatmeal agar, pea agar, cornmeal agar and 
water agar. The optimum temperature for growth of the organism was 
found to be about 27° C. (81° P.). 





Pig, 3. GameraUucida drawing showing development of conidia. A-0. Formation 
of comdia from terminal cell of conidiophores ; material from potato-dextrose-agar eul- 
iSeited abscission of conidia. G-. Mature spores from naturally 

The Pathogen 

The zinnia pathogens described briefly by Weber (10), Neergaard (7) 
and Beaumont and Staniland (5) appear to be the same as that herein 
described. Furthermore, S. P. Wiltshire, in correspondence with the senior 
writer, has expressed the opinion that the fungus described by Pape (9) as 
Alternaria zinniae n. sp., is identical with ours. We may therefore conclude 
that the alternaria disease of zinnias, in both Europe and North America, 
is caused by AltenaTid Pape. 
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PATHOGENICITY STUDIES 

Althougli the pathogenicity of the Alternaria strain had been repeatedly 
proved by Cornell workers since 1934, a more detailed study of inoculatioii 
and infection was undertaken by the junior writer during the 1940-41 
season. In order to avoid the variation which might result from the use 
of potentially variable spore inoculum taken from naturally infected field 
material, it was decided to use spore inoculum developed in culture from 
a single-spore isolate of the pathogen. Inasmuch as sporulation was very 
poor on all culture media tested and could not be induced by any of the 
methods commonly used for that purpose, a more effective method ^vas 
sought. The following method proved satisfactory, although consistent 
results were not always obtained. 

A dilute suspension of spores and mycelium in cooled, sterile 1 per cent 
water agar was poured in a thin layer in sterile Petri plates. Cheesecloth 
discs, previously cut to fit the plates and sterilized with hot air, were then 
placed three-deep on the surface of the agar in each plate, this operation 
being performed under a transfer hood. Moisture given off from the agar 
was absorbed by the lower discs of cheesecloth, leaving the upper disc com- 
paratively dry. Spores were produced in abundance on the upper discs in 
11 or 12 days and were readily removed by scraping in sterile -water. The 
spores settled rapidly and the excess -water was decanted without centri- 
fuging. Spore inoculum thus obtained was applied in the leaf -infection 
study described below. 

Eelation of Time, Temperature, and Surface of Leaf to Incubation and 

Infection 

The following experiment -was designed primarily to determine the effect 
of temperature on establishment of infection and duration of incubation 
period, and, incidentally, to determine whether invasion occurs more readily 
through the upper or the lower leaf surface. Young zinnia plants, about 5 
wrecks old and approximately 4 inches tall, each bearing 2 pairs of fully 
expanded leaves, were used. Since trials at different temperatures had to 
be perfoi*med consecutively rather than concurrently, the actual age of 
plants used varied slightly. 

The plants were marked for inoculation by imprinting 6 circles of India 
ink, about 5 mm. in diameter, on the upper surface of one leaf of each pair, 
and similarly imprinting 6 circles on the lower surface of the other leaf of 
each pair. There was thus a total of 12 upper-surface areas and 12 lower- 
surface areas marked on each plant. One drop of spore suspension was 
placed, by means of a finely drawn out pipette, on each marked area. The 
inoculum used for each temperature series was adjusted so that from 9 to 12 
spores w^ere present in each drop. ' . 

Six plants were used in each temperature series, the plants being placed 
in the constant-temperature infection chamber immediately following in- 
oeiilation. One plant was then removed from the chamber every 6 hours 
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and placed on the greenhouse bench. Artificial means were not employed 
to hasten drying of the surface moisture, since observation indicated that 
natural drying was extremely rapid. Examinations were made periodically 
for 3 weeks, but after the second week no new infections appeared. The 
data are summarized in table 1. 

These data indicate that the optimum temperature for infection lies 
above 65° P. and below 75° P., probably about 70° P. It is interesting to 
note that this is considerably below 81° P., the optimum for growth of the 
fungus on potato-dextrose agar. The data also indicate that the incubation 
period may be as short as 12 hours at 70-75° P., though consideration of the 
data for all temperature tests suggests that, at the temperatures studied, 
maximum infection is not reached with an incubation period of less than 24 
hours. It has been the senior writer’s experience that, unless artificially 


TABLE 1. — Effect of temperature, duration of exposure and leaf surface inoculated 
Upon infection of leaves of Zinnia elegans 'by Alternaria sinniae 





Duration of exposure in hours 


Total No. 

Temp. 

Surface 







6 

12 

18 

24 

30 

36 

lesions 

65° F. 

Upper 

Lower 


1 


5 

6 

2 


14 

70° F. 

Upper 



1 

7 

8 

2 

56 

Lower 


4 

1 

12 a 

10 

11 

75° F. 

Upper 

1 

3 

3 

2 


3 

38 


Lower 


4 

3 

6 

6 

7 

O 

00 

Upper 



5 

3 

2 

1 

22 

Lower 



3 

3 


5 

Total No. lesions 

1 

12 

16 

38 

34 

29 

130 


Total No. lesions, upper surface — 4:7 j lower surface — 83. 
a 12 lesions represent 100 per cent infection. 


dried, moisture sufficient to.permit germination and infection may remain 
on the leaf surface for a number of hours after it appears to the eye to be 
quite dry. Conclusions concerning the precise duration of the incubation 
period should not be drawn without further study. It is evident that in- 
vasion occurred more readily through the lower surface of the leaf than 
through the upper surface. No attempt was made to determine whether 
this was correlated with number of stomata, thickness of cuticle, micro- 
climate, or other factors. 

Stem and Eoot Inoculations 

The following expmment was undertaken to test the pathogenicity of 
Alternaria zinniae to roots of zinnia plants. Fifteen 1-month-old zinnia 
seedlings were transplanted from seed flats to individual 3-inch pots of 
sterilized soil that had been infested by mixing in about a tablespoonful of 
alternaria inoculum. The inoculum had been prepared by growing the 
fungus in flasks of umnodified, sterilized moist greenhouse soil, then thor- 
oughly mixing the soil-mycelium mass before using. Fifteen seedlings were 
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also transplanted to pots of sterilized soil wMcli had been infested -witb 
inocnlnni of a Phytoplitliora isolate frequently obtained from decayed zinnia 
roots. In addition, 15 seedlings were inoculated with an isolate of Pnsarinni 
commonly obtained from decayed zinnia roots. Inoeulatioii in this ease was 
made by dipping the roots of the seedlings in spore suspension just prior to 
planting in the pots of sterilized soil. As controls, 15 nninoeulated seed- 
lings were planted in pots of noninfested sterilized soil. The roots of these 
seedlings had first been dipped in sterile water. 

Within 12 days after inoculation, 7 of the plants of the alternaria series 
had died, showdng typical root rot and stem decay. Only 4 of the plants 
of this series were alive after 6 weeks, and only one of these was in vigorous 
condition. None of the plants in the Phytophthora, Fnsarinm or control 
series became infected. Many of the plants of the Phytophthora series had 
remained somewhat stunted for 2 or 3 weeks, and had exhibited marginal 
scorching of the lower leaves, but all were definitely recovering after 6 weeks. 
Alternarm mnniae was successfully reisolated from roots of several of the 
dead plants in the alternaria series. 

As a further check on the susceptibility of stem tissues, seven of the 
healthy survivors from the above experiment were inoculated by placing 
agar-mycelium inoculum of Alternaria zinniae in slit wounds made in the 
stems. Uninoculated slit wounds were similarly made in a like number 
of the healthy plants to serve as controls. Typical Alternaria lesions had 
developed on all 7 inoculated plants within 2 weeks and reisolation attempts 
were successful. All of the controls remained healthy. These tests con- 
clusively demonstrated the ability of A. zinniae to infect the roots and stems 
of zinnia. 

PERPETUATION AND DISSEMINATION OF THE PATHOGEN 

Intensive studies of the perpetuation and dissemination of the pathogen 
have not been undertaken. Limited studies and circumstantial evidence, 
however, have demonstrated rather well that the pathogen may live over 
at least one winter on infested plant debris (or perhaps independently) in 
the soil or on its surface. The annual recurrence of the disease in Cornell 
plantings strongly suggested carry-over in the soil ; but more conclusive evi- 
dence was obtained during the past season when half of a lot of seedlings 
was shipped to another location for planting in a private garden and the 
remainder kept for planting in the Cornell gardens. No evidence of the 
disease appeared in the new locality, whereas the entire planting in the 
Cornell gardens was destroyed by the disease before the first of July. It 
was further indicated in the above test that dissemination of inoculum is 
readily effected by means of cultivating tools, or the washing of soil, or both. 
The beds in which the Cornell planting was made had not been occupied by 
zinnias for over 4 years and w^ere about 100 feet distant from the beds in 
wdiich zinnias had been planted for the past 4 or 5 years. They were, how- 
ever, prepared and cultivated with the same tools as the old infested beds 
and were several feet lower in elevation, so that some soil washing may well 
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have occurred. These modes of dissemination, while important in localized 
intensification of the disease, are probably of no consequence in its long- 
distance spread. 

Available evidence strongly indicates that the pathogen is seed-borne. 
As noted above, blossom infection is usually severe whenever the foliage is 
infected. Sporulation on infected petal tissue is very abundant and surface 
contamination of seed harvested from infected blossoms would be inescap- 
able. The following test, conducted by the junior writer, is suggestive that 
actual infection of the seedcoat may occur and result in dissemination of the 
pathogen as internal mycelium. Thirty-five zinnia seeds (var. Giant Mam- 
moth Lavender) were taken at random from a seed packet obtained from a 
popular commercial seedhouse. These were surface-sterilized for a short 
period in 1-1000 mercuric chloride solution, washed in sterile water, and 
plated out on potato-dextrose agar. An Alternaria, indistinguishable cul- 
turally from typical leaf spot isolates, w-as obtained from 21 of these seeds. 
Inoculation tests proved this Alternaria isolate to be pathogenic to zinnia 
foliage, producing typical Alternaria lesions. A second test, with seeds of 
the same source and variety but from a different packet, failed to reveal the 
presence of Alternaria. Additional evidence that the fungus is seed-borne 
is offered by Neergaard (8), who reported good control of what is presumed 
to be the same disease by seed treatment wdth one of the organic mercury 
compounds (0.25 per cent Germisan). 

CONTROL 

Inasmuch as it seems evident that the pathogen may readily be borne in 
or on the seed, it is of first importance that flower-seed producers become 
acquainted with the disease, recognize its potential importance, and attempt 
to prevent its development in their plantings. Thus far, the disease appears 
to be of limited occurrence both in the seed-producing areas and in private 
plantings. It is obvious, however, that if the disease ever were to develop 
seriously in the seed fields, it would soon become widely distributed. It is 
possible that the comparatively rainless summers prevalent in the seed-pro- 
ducing areas on the Pacific Coast have provided and will continue to provide 
a natural check on the disease. The matter would bear investigation. 

No study of special control methods for this disease has yet been under- 
taken, but the following logical suggestions are offered : 

1. Seed should be treated with a fungicide (mercuric chloride dip, 
Semesan, cuprous oxide, or other) to reduce the hazard from inoculum borne 
on the seed smff ace. 

2. Thorough field and garden sanitation should be practiced. 

3. The longest possible rotation of field planting site should be employed. 

4. Cultivating tools should be cleaned, and preferably sterilized, before 
using in new zinnia planting areas. 

5. Seedlings and young plants shoiild be treated frequently with a good 

pintective fungicide, making an effort to obtain coverage of the lower surface 
of the leaves. 
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SUMMARY 

A disease of garden zinnia, Zinnia elegans Jacq., causing spotting of the 
petals, foliage and stems, and rotting of the roots, has been under observa- 
tion at Cornell University since 1934. 

The disease is caused by Alternaria zinniae Pape. 

Conidia of A. zinniae averaged 20-24 by 170-210 q including beak, the 
beak commonly being twice as long as the body of the spore. Catenulation 
has not been observed under natural conditions. 

The optimum temperature for growth of the fungus in culture was found 
to be about 27° C. (81° P.), whereas the optimum temperature for leaf in- 
fection w^as found to be about 70° P. 

An incubation period of approximately 24 hours was required for the 
maximum development of leaf infection. 

Invasion occurs more readily through the lower surface of the leaf. 

Evidence indicates that the pathogen may be seed-borne and may survive 
at least one winter in or on the soil. 

Department op Plant Pathology, 

Cornell University, 

Ithaca, New York. 
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A DESCRIPTION OP THE FUNGUS CAUSING COTTON RUST, 
AND A PRELIMINARY SURVEY OP ITS HOSTS 

JoHK- T, Presley and C. J. King 
(Accepted for publication August 12, 1942) 

INTKODUCTION 

The fungus Aecidium gossypii E. and E., causing rust of cotton in the 
Southwestern States, has been designated by Arthur and others as synony- 
mous with Puccinia schedonnarcU Kell, and Swing.^ In 1941 the senior 
writer reported the establishment of a connection between Aecidium gossypii 
and a Bouteloua rust.- The rust ivas tentatively determined as Puccinia 
boutelouae (Jennings) Holw., and specimens were sent to Purdue Univer- 
sity for confirmation. The material was examined by G. B. Cummins whose 
findings indicate that the rust is not P. boutelouae, but probably an unde- 
scribed species with at least one character distinct from all other rusts found 
on Bouteloua spp. The outstanding difference is the occurrence of 3 equa- 
torial pores in the urediospores of the new species rather than several scat- 
tered pores, as listed for the other Bouteloua rusts. Recently, photomicro- 
graphs have been made to show the presence and arrangement of pores of the 
urediospores, and these are in accord with the findings of Cummins. (See 
Pig. 2, B. ) 

Under greenhouse conditions 38 American commercial varieties of cotton 
proved susceptible to the rust in all stages of growth when inoculated with 
germinating telia. Very young cotton seedlings sometimes were killed when 
the sporidial shower w^as especially heavy. The hypocotyl, coytledons, and 
true leaves became completely covered with pycnial clusters, and the plants 
soon died. However, seedlings survived a moderate sporidial shower and 
produced aecial clusters on all exposed parts of the plant. Of the 3 Asiatic 
varieties of Gossypium arboreum L. tested, the var. assamica Watt and var. 
sangumeum (Hassk.) Watt were resistant; while the red-flower var. nanhing 
(Meyen) Harland was mildly susceptible, and produced abundant antho- 
cyanin around the pycnial clusters. 

FIELD INFECTION 

^ Under field conditions in Arizona the rust attacks the cotton crop imme- 
diately following the first summer rains. The time of attack varies accord- 
ing to rainfall and humidity but usually occurs in July. The severity of 
attack depends upon weather conditions and the amount of inoculum pres- 
ent. Ordinarily, the first attack is relatively light and may pass unnoticed, 
but with each succeeding rain additional infection occurs. Greenhouse ex- 
piiiments have showm that telial material will produee infection eontinu- 

Busts in United States and Canada, pp. 

l^outelouae. 


382 



1943] 


Presley ani> King: The Cotton-rust Fungus 


383 


ously for at least 12 days. Several series of cotton seedlings were passed 
tiiroiigh an incubator, without changing the inoenlnm, on grass suspended 
above the seedlings. The last series, though not so heavily infected as some 
of the first series, showed typical pycnial clusters, and aecia developed from 
them. 

The first symptoms of rust on the cotton plants are small orange-color 
spots on the upper surface of the leaves (Pig. 2, C). These spots contain 
the py cilia (Fig. 2, A) and soon become discolored. The pycnial ooze be- 
comes brownish with age and anthocyanin is produced by the leaf around 
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The uredial stage of the fungus is rather inconspicuous, since it is formed 
largely on the leaves of the grass. The telia on the other hand are very con- 
spicuous, sometimes covering the grass stems for several inches with promi- 
nent, dark pustules, which also appear among the uredia on the leaves. The 
teliospores are of the typical Puecinia type with two cells (Pig. 2, E). Both 
cells may germinate to form promycelia from which arise the sporidia 
(Fig. 2,D). 

DESCRIPTION 

The following description of the rust organism is based on pycnial and 
aecial material collected on cotton (Gossypkim Jiirsuhm) in a cultivated 
field at Hidden Valley, Arizona, in October, 1941. The telial and uredial 
materials were collected at the same time from Boitieloiia rothrockii Vasey, 
growing adjacent to the cotton. A portion of the material from the same 
collection was submitted to Cummins and other portions were used to obtain 
infection on cotton seedlings in greenhouse tests. 

Puecinia stakmanii n. sp. Presley 

0. Pyenia ampLigenous, also eaulicolous, numerous, iu small, sometimes discolored, 
sliglitly raised circular groups, crowded, punctiform, honey-yellow to cadmium-orange, 
becoming brownish, depressed, globose, 90-120 g in diameter ; ostiolar filaments 60 to 
100 p, long. 

1. Aecia chiefly hypophyllous, also eaulicolous, in irregular groups surrounding the 
pyenia, 2-5 mm. in diam., somewhat crowded, cylindric, 0.4~1.0 mm. high, 0.2-0.3 mm. 
wide; peridium at first orange becoming yellowish or colorless, the margin lacerate and 
recurved; peridial cells quadratic or oblong, 17-30 x 11-20 g, overlapping, the outer wall 
6-9 p, thick, striate, the inner wall 2. 5-4.0 g thick, strongly echinulate; aeciospores globoid 
or broadly oblong, 13-19 x 18-25 |li; wall very pale yellow to colorless, 2-5 thick, finely 
veiTucose, often appearing smooth. 

II. Uredia mostly epiphyllous, internerval, oblong or linear, becoming confluent, 0.3 
to several mm. long, early naked, pale cinnamon-brown, pulverulent, the ruptured epi- 
dermis apparent ; urediosi)ores globoid to broadly ellipsoid, 18-22 x 25-27 g, the wall pale 
cinnamon-brown, 1.5-2. 5 g thick, moderately echinulate, the pores equatorial, usually 3. 

III. Telia amphigenous and eaulicolous, numerous, often crowded, rounded, elliptic 
or linear, becoming confluent, 0.3 to several mm. long, early naked, the ruptured epidermis 
at first conspicuous; teliospores oblong or broadly ellipsoidal, 19-25 x 26-38 g, rounded 
at both ends or sometimes obtuse above, only slightly if at all constricted at the septum, 
this sometimes oblique or vertical; wall dark chestnut-brown, 1.5-2.5 g at the apex 4-9 g 
thick ; pericel colorless, twice or thrice the length of the spore, sometimes attached at an 
angle. 

Habitat; Pyenia and aecia on living leaves and stems of Gossypium harhadensej G. 
Mrsutum, and many other species of Gossypium by inoculation ; uredia and telia on living 
leaves and culms of Bonteloua rothroclcii and other species of Bouteloua by inoculation; 
Arizona and Texas. 

Puecinia stakmanii sp. iiov. Presley 

0. Pyenia amphigena etiam eaulieola numerosa depressa gilva vel aurantiaca globosa 
diametro 90-120 g in maculis parvis circularibus leviter elevatis. 

1. Aecia praeeipue hypophylla eylindrata alta 0.4-1 .0 mm. lata 0.2-0.3 mm. maculis 
disparibus diametro 2 usque ad 5 mm; peridium aurantiaeum deinde lutescens margine 
laeerato recurvato ; sporae sphaeroidae vel late oblongae 13-19 x 18-25 g. 

II. Uredia plerumque epiphylla internervalia oblonga vel linearia longa 0.3 usque ad 
plura mm mature denudata; sporae sphaeroideae vel late ellipsoideae 12-22 x 25-27 g 
pariete subfiisco crassitudine 1.5-2,5 g foraminibus equatorialibus plerumque 3. 

III. Telia amphigena et eaulieola numerosa saepe aggregata longa 0.3 usque ad plura 
mm mature denudata ; sporae oblongae vel late ellipsoideae 19-25 x 26-38 g septo aliqu- 
quando oblique vel perpendieulare ; pediculiis non eoloratus longitudlne sporam dux>lo 
usque ad triple excedens. 

Type specimens are deposited in the Myeologieal eolleetions of the Bureau of Plant 
'Industry. ' ... , 
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SURVEY OP THE HOST RANGE 

The rust whose aecial stage occurs on all the principal varieties of both 
the upland and American-Egyptian cotton varieties grown commercially in 
the irrigated Southwest causes considerable damage in some seasons in lim- 
ited areas. The telial stage of the rust occurs on species of Bouteloua. 
These grasses are commonly found in Texas, New Mexico, Arizona, and Cali- 
fornia. The continued expansion of the cotton acreage on virgin lands in 
the States where these grasses are native may bring further reports of dam- 
age by the disease. 

Since cotton only recently was discovered to be the aecial host of the 
Bouteloua rust, it appeared desirable to make a preliminary survey of the 
plants susceptible to this stage of the fungus, as well as to explore the possi- 
bility of finding resistance in some cultivated variety of cotton. The survey 
^vas conducted in part at the U. S. Field Station, Sacaton, Arizona, and in 
part at the University of Minnesota in connection with the Division of Plant 
Pathology. Some interesting facts were disclosed by these studies, among 
them being the host range of the fungus. In the tests so far it has been 
possible to produce the aecial stage only on the genus Gossypmm^ and the 
uredial and telial stages only on the genus Bouteloua. It should be borne 
in mind, however, that the results here reported were obtained from tests 
on plants that were grown and inoculated under greenhouse conditions. 
Although ditferenees were observed in susceptibility and resistance among 
the seedlings, the mature plant reaction under field conditions is known 
only for the 4 or 5 varieties of cotton grown commercially in the Southwest. 

METHOD OP INOCULATION AND RESULTS 

In making the inoculations the usual procedure used in cereal-rust inves- 
tigations was followed. The telial material on bunches of grass was pre- 
soaked and suspended above the cotton seedlings in an incubator for 3 or 4 
days. The cotton plants were then transferred to the greenhouse where 
they were placed under conditions of maintained high relative humidity. 
The pycnia usually appeared on the leaves and stems in 4 to 6 days follow- 
ing removal from the incubator. There was a wide variation in the number 
of pycnial clusters formed on any one leaf, since it is necessary for the 
sporidia to fall and penetrate the leaf tissue in order to produce infection. 
Apparently, there is no way to control accurately the number of sporidia 
that will fall and germinate on a particular surface, hence the criterion of 
susceptibility applied in the classification is rather arbitrary. If both pyc- 
nia and aeeia were abundant the plant was considered susceptible. If only 
pycnia were formed the plant was considered mildly susceptible, and if there 
were neither pycnia nor aeeia the plant vras considered resistant. The dif- 
terent series of cotton plants subjected to inoculation were xmn either in 
duplicate or triplicate. A list of the cottons and other malvaceous and 
graminaceous plants tested and their classification aecording to resistance or 
susceptibility to artificial mfeetm^^ 
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LIST OP MALVACEOUS AND GRAMINACEOUS PLANTS, CLASSIFIED ACCORDING TO 
THEIR RESISTANCE OR SUSCEPTIBILITY TO ARTIFICIAL INFECTION 
PROM THE COTTON BUST FUNGUS 

Plants Exposed to Germinating Telia 

I. Cultivated Cottons 


Gossyf ium Mrsutum L. 
***Acala (several 
strains) 

Ballard 
^ ^ Burnett 

Cleveland (several 
strains) 

Coker ^s (several 
strains) 

‘ ^ Columbia 
^ ‘ College 

Cooks 

B & P L (several 
strains) 

Davidson ^s Sun- 
sMne 

Delfos (several 
strains) 

Delta type Webber 
“ Dixie Triumph 

G. larhadense L. 
***Peruvian 
Pima 

G. arhoreum h. 

**Gnvo Hill 
G. hopi Lewton 
**^Hopi 

II. Cotton, Wild Species 

**G, anomalum Wawra et 
Peyr. 

^*G, aridum (Rose and 
Standi.) Skovsted 
**G. armoiirianum Kearney 
**G> davidsonii Kell. 

III. Other Malvaceae 

Althaea rosea Oav. 
*Sihiseu8 esculentus 

L. 


""""Durango 

Ewing’s Long Staple 
Half and Half 

' ‘ Hartsville 

Holden 
^ ' Kasch 
Kekehi 

Lone Star 

^ ^ Meade 

^ ^ Mebaken 

Mexican Big Boll 
Miller 

Missdel (several 
strains) 

"""Sakellaridis 

SxP (Sake! X Pima) 

"Sanguineum 


**(t. harknessii Brandg. 
""<T. Mot^scManum 
Anders. 

""{x. stodcsU M. Mast. 


"H. militaris Cav. 
*JS. Tosa-smensis L. 


"""Oklahoma Triumph 
'' Paris Big Boll 
Petty’s Toole 

Rowden 

‘ ^ Sikes 

Spear’s Upland 
Stoneville (several 
strains) 

Texas Special 

^ Trice 

Toole Perry 

Tuxtla 

^LWestex 


"""Sea Island 
"Zagora 


""Nanking 


"*6?. Sturm P. V. M, 
ihurheri Tod. 
"""G. sp. (Florida wild) 


^Malva parviflora 


Grasses Inoculated with Aecia from Cotton 


**Wouteloua aristidoides (H.B.K.) Griseb. 
"""R. har&ata Lab. 

""R. curtipendula (Michx.) Torr. 

*""R. (H.B.K.) Lag. 

"**R. rot/irocMi Vasey 
*Muhlenhergia arenacea (Buckl.) Hitelie. 
*M. monticola Buckl. 

"ikf. porteri Scribn. 

*M. pungens Thurb. 

"If. racemosa (Michx.) B. S. P. 

"M. repma (Presl) Hitche. 


*i¥. rigens (Benth.) Hitehe. 

^M.wrightiiY&sej 

*Sporo'bolus airoides (Torr.) Torr. 

aspcr (Michx.) Kuntli 
*S. contractus Hitchc. 

"bh cryptandrus (Torr.) A. Gray 
fle.rtiosus (Thurb.) Rydb, 

*S. giganlens Nimh 
"/S', hcterolep f.v A . < Iray 
"/S', i examts Vas(T 
'Wflghiii'^limYo 


""* = Suscej}tible 
""■^Mildly susceptible 


" = Resistant 
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It is of interest to note that all of the Old World cottons included in the 
test were either resistant or mildly susceptible, whereas most of the New 
World cottons were readily attacked. The Old World cottons have 13 chro- 
mosomes, and the cultivated New World cottons have 26. The question now 
arises, is there a relation between genetic make-up of the plant and suscep- 
tibility to the rust fungus ? If we examine the table of plants tested we 
shall see that several American wild cottons were included, some of them 
having 13 chromosomes, others 26. The 26-chromosome group of cottons, 
both wild and cultivated, was susceptible without exception, while the 13- 
chromosome group was only mildly susceptible, with the exception of G. 
thurheri This species was one of the most susceptible of the plants tested^ 
based upon the number of pycnial clusters formed. Leaf texture and size 
undoubtedly could play an important role in an experiment of this nature. 

^ It seems reasonable to believe that some of the species considered here as 
mildly susceptible might, under more favorable conditions, appear quite sus- 
ceptible, and, conversely, some species, apparently rather susceptible under 
the conditions of the experiment might seem resistant under different condi- 
tions. Considering the results obtained with cotton there would appear to 
be nttle if any correlation between plant type or growth habits and suscep- 
tibility. There seems, however, to be some connection between the genetic 
make-up of the plant and degree of susceptibility. 

INCIOBNCB AND DAMAGE TO THE COTTON CROP 

Ordinarily, the rust fungus attacks the leaves of cotton and may cause 
nioderate shedding without seriously impairing the plants. If, however, 
diere occurs a period of frequent rains accompanied by high relative humid- 
ity during late summer or early fall, the infection may become so severe that 
most of the leaves and many of the bolls are shed. An infection of such 
severity occurred in 1940 at Hidden Valley, Arizona. 

The damage caused by a severe rust epidemic is difficult to estimate in 
terms of dollars or bales of cotton lost. It is apparent, however, that the 
^tton plants are weakened by the defoliation, and many bolls, not actually 
+t! u 11 are left in condition to become easy prey to some of 
! Qon ° observations made in 

Ltffin vS!l vf ^^timated loss of 

4 1 ^ per cent. The writers have observed fields in 

vyich the infection reached 100 per cent, and where more than half of the 

S strfiefd Tbf -iestroyed or impaired by the fungus. 

in mch fields the loss in yield undoubtedly is heavy. 

It is indicated from these studies that the telial stage of the rust occurs 
.sm'X-ind oiSoutelom, whmh, under ordinary desert conditions, are 

■ < < grow only during the rainy reason in summer or fall. In cotton 

(* ds where water IS supplied by irrigation the same grasses will grow all 

of Arizona Bull. 148; Field Crops in Arizona. University 
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comparison of Bouteloua plants grown on desert land adjacent to cotton and 
in a cultivated field is shown in figure 1, A and B. Not only is there a great 
difference in size of plants in irrigated and nonirrigated areas, but, also, in 
the amount of inoculum produced. 

Since all species of Boutelotia eoinmonly present in the irrigated South- 
west are susceptible to the rust, there is a good chance of an abundance of 
telial material being present to infect cotton planted in any newly culti- 
vated area. A greater amount of inoculum, however, is produced in the 
cotton fields where the grass is permitted to grow all summer. This is par- 
ticularly true in fields where the cotton has been rattooned or ‘\stubbed’’ 
and where clean culture is difficult to maintain. Prevention and removal 
of the grasses by clean cultural practices wdthin the fields and along the 
ditch banks and fences should be beneficial as a control measure. 


SUMMARY 

The fungus causing the rust of cotton in the Southwestern States differs 
in at least one taxonomic character from the rust species heretofore described 
on Boufeloiia. Within its urediospores 3 equatorial pores occur instead of 
several scattered ones, commonly present in other Bouteloua rusts. The 
name Puccinia stakmanii is proposed to designate this form of rust as a new 
species. 

In a preliminary survey of the host range by greenhouse infection meth- 
ods the following varieties and species -were exposed to germinating telia : 
48 cultivated cotton varieties representing 4 species, wild cottons represent- 
ing 10 species, and other malvaceous plants representing 5 species. All cul- 
tivated cottons represented in Gossypium hirsutumy G. harhadense^ and G. 
hopi w^ere classed as susceptible; of the 3 varieties represented in G. ar- 
horeum 2 were resistant and 1 mildly susceptible ; and of the 10 wild cotton 
species 8 w^ere mildly susceptible and 2 susceptible; the other 5 malvaceous 
species were classed as resistant. 

Tw^enty-two species of grasses representing 3 genera were inoculated 
with aeeial material from infected cotton. From the results these were 
classed as follows: 4 of the 5 species of Bouteloua tested w’^ere susceptible 
and 1 mildly susceptible; the 8 species of Muhlenbergia and 9 species of 
Sjjorobolus inoculated were resistant. 

The incidence and severity of rust infection on cultivated cotton are 
dependent on conditions of summer rainfall and humidity and on the amount 
of inoculum on the alternate host plants in the vicinity. 

The Bouteloua grasses that develop within or on the margins of cotton 
fields commonly grow much larger and produce more infective telial mate- 
rial than desert-growm specimens, which are dependent on rainfall; hence, 
it is indicated that the practice of clean culture, including marginal areas, 
would be of value in control of the disease. 

Division of Cotton and Other Fiber Crops and 
Diseases, Bureau OF Plant Industry,. 

U. S. Department of Agriculture. 



DIPLODIA BLIGHT IN CONIFEROUS SEEDBEDS^ 



Charles M. Slagg^ and Ernest Wrights 
(Accepted for publication September 17, 1942) 

While examining seedlings in a government nursery at Manhattan, 
Kansas, in August, 1941, the writers noted that first-year seedbeds of Doug- 
las fir (Pseudotsuga taxifolm (Poir.) Britt.), Austrian pine {Finns nigra 
Arnold), ponderosa pine (P. ponderosa Laws.), and pinon pine (P. edulis 
Bngelm.) showed a number of dead and dying seedlings. The dark fruiting 
bodies of what appeared to be the causal fungus were plentiful on the dried 
central needles of the affected plants. Seedbeds of loblolly pine (P. taeda 
L.), slash pine (P. carihaea Morelet), and several small plantings of pon- 
derosa pine from a California seed source were not affected. 

This blight at first seemed to be similar to Phomopsis blight, which was 
under observation and treatment on adjoining eastern red-cedar seedbeds. 
Microscopic examinations on August 26 disclosed complete absence of 
Phomopsis and the presence of a single species of Diplodia. During the 
succeeding weeks the disease assumed serious proportions, and, by Septem- 
ber 20, approximately 50 per cent of the seedlings of Douglas fir and Aus- 
trian pine were either diseased or dead. Injury to ponderosa and pinon 
pines was not so severe. 

On September 25, an inspection v'as made of 3-year-old plantings of 
Austrian and Scotch pine (P. sylvestris L.) and of 5-year-old plantings of 
ponderosa and jack pine (P. lanksiana Lamb.). A number of dead tree's 
of Austrian and Scotch pines were found bearing the pycnidia and spores 
of the same Diplodia species found on the first-year seedlings. No first-year 
seedlings of Scotch pine were grown at the nursery in 1941, but infection 
of 3-year-old plantings was severe. 

On October 9, a 50-year-old Austrian pine on the campus of Kansa s 
State College at Manhattan was examined. About 50 per cent of the needles 
on the tree were dead and brown, and probably a much larger number had 
already fallen. 

Numerous dark fruiting bodies were found on the basal portions of dead 
needles. Microscopic examination of the fruiting bodies disclosed the same 
species of Diplodia as that present at the government nursery 5 miles distant. 

During the fall and winter of 1941-42 the fungus has been repeatedly 
found on mature trees of pitch (P. rigida Mill.), Table-Mountain (P. pun- 
sre«s Michx.), Austrian, Scotch, and ponderosa pines growing on the campus 
of Kansas State College. The most noticeable effect on these trees is a tip- 

D,„S::s“iASuSr" Bu; u. s. 

T, „'‘A««ociato Pathologist, Division of Forest Patlmloo-v Bureau of Plant Industry, 
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bliglit and diebaek of the foliage. In the trees examined this blight first 
appeared in the youngest apical needle clusters, later progressing back alono- 
the stem until the entire shoot sometimes became involved 

The youngest apical needle clusters first formed the 'typical fruiting 
bodies of the fungus. During the autumn months, many dead shoots showed 
pycnidia only on these apical needles. Later, pyenidia were found on older 
needles, on the bark, and on the scales of the eones. 

The fungus causing this diebaek of mature trees and death of young seed- 
lings IS very similar to that discussed previously on conifers by TOrious 
workers (3, 5, 7, 9, 10) as a Sphaeropsis, by others (1, 2, 6, 8) as a Diplodia 
and by Curtis (4) as Botryodiplodia. In microscopic examinations of 
naturally infected specimens at Manhattan, from 0 to 87 per cent of septate 
pyenospores were observed in different mounts. It was noted that the sep- 
tate spores were darker, and wider in proportion to their length, than the 
nonseptate spores. One hundred unicellular spores averaged 13.0 x 35 3 |j 

of PyoniMa on 


Location of 
pyenidia 

Long central needle 
Short apical needle 
Sheath at base of 

apical needle 

On bark of twig 

On scale of cone on 
same branch 


Number of 
spores 
examined 

Number 

septate 

Number 

nonseptate 

Percentage 

septate 

Percentage 

pluriseptate 

1817 

400 

5 

21 

1812 

379 

0.27 

5.3 

0.0 

0.3 

300 

200 

153 

132 

147 

68 

51.0 

66.0 

1.0 

1.5 

281 

243 

-38 

86.5 

2.5 


while 100 septate spores averaged 14.65 x 32.1 p. In crushed material the 
septate spores settled to the lower levels of water mounts and many were 
seen broken squarely across laterally, indicating the presence of a septum 
even though it might not be visible. Although there were wide variations 
m different pycnidia, about 25 per cent of the pyenospores observed were 
septate. The highest proportions of septate spores were found in mature 
overwintered pycnidia from large trees collected in March, 1942. Pluri- 
septate (usually 3-septate) spores were also fairly common in this material 
bmee fully ripened pycnidia always contained a higher proportion of sep- 
tate spores than younger fruiting bodies, it seemed logical to assume that 
the bieellular spore was the mature form, and the fungus was identified as 
Diplodia pinea (Desm.) Kickx. 

The causes for variation in septation of the pycno.spores of Diplodia 
pmea are unknown. In the seedbeds, pycnidia on dead seedlings of Douglas 
^ r produced only an occasional septate spore, while septation wa.s abundant 
m pyenospores from adjacent similarly diseased seedlings of Austrian pine, 
beptation of pyenospores was always more pronounced in pycnidia formed 
near the bases of the pine needles than in pyenidia on other parts of the 


392 


Phytopathology 


[VoL. 33 


needle. Table 1 shows the variation in septation of spores from pyenidia 
formed in different parts of a dead branch from a mature Scotch pine 
examined March 23, 1942. 

Single-spore cultures of the fungus were readily secured from typical 
fruiting bodies on needles of first-year seedlings of Austrian pine. Three 
1-foot-square blocks of uninfected Austrian pine seedlings, carefully re- 
moved with soil and roots undisturbed, were brought from a government 
nursery at Hutchinson to Manhattan, Kansas. A 15-day quarantine period 
was used to establish the absence of the disease and, on October 17, two of 
the three blocks of seedlings were inoculated and one was left as an uninoeu- 
lated control. After inoculation all three lots were placed in a large damp 
chamber and left there for 72 hours. Upon removal they were placed on a 
greenhouse bench and examined daily. 

Inoculation was accomplished in one block of seedlings by placino- in- 
fected sporulating material from the nursery among the young plants. For 
some reason no infection resulted in this case. The other block of seedlings 
was inoculated with bits of young, vigorous mycelium from agar cultures 
placed on the uninjured growing points of all the plants in a section 6 inches 
square in the center of the fiat. The mycelium rapidly invaded the tissues 
of the apical-needle cluster wherever applied and these apical needle clusters 
became discolored the fourth day after inoculation. By the fifth day, infec- 
tion was apparent. On the tenth day the upper half of all inoculated seed- 
lings was slate-colored and nearly dead. That portion of the block of 
seedlings that had been inoculated was smaller and the discoloration was 
marked as compared to the noninoculated seedlings in the same block, and 
also as compared to the control block, which remained vigorous and unin- 
fected. Fifteen days after inoculation, a number of dark fruiting bodies 
were seen on the dead needles of inoculated seedlings. One such fruitino- 
body was sectioned and examined under the microscope. It was a typical 
young pycnidium of Diplodia, pinea. Thirty days after inoculation all 
infected seedlings were dead. ' 

The seedbeds had been sown approximately 5 months at the time the 
epiphytotrc first became apparent. The Austrian pine seedlings that became 
diseased in the nursery and those used for inoculation purposes in the oxeen- 
house were of substantially the same age and size, although grown in differ- 
ent nurseries, and had not yet completed development of woody tissues. At 
this stage of growth, infection rapidly became systemic and death of infected 
seedlings often occurred within a few days. It is important to note that 
infection in the eases here reported appeared to start first in the uppermost 
or youngest parts of the seedlings, also in the young centers of the needle 
clusters in the infected mature trees examined. In this respect the attack 
w^as quite different from that reported by Crandall (3) in his description 
ot a root and collar disease of pine seedlings caused by Spkaeropsis elU^i 

A system of overhead watering in use at the nursery kept the seedbeds 
wet for a large part of the time. This fact, coupled with the splashing of 
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falling water, probably created favorable conditions for the spread of 
Diplodia infection after it became established in the beds. 

There seems little doubt that this fungus has been parasitic upon various 
pines at Manhattan, Kansas, for many years. As far as the writers are 
aware, however, this is the first report of Diplodia pinea as a serious parasite 
of first-year seedlings. 

SUMMARY 

First-year seedlings of Pmims nigra, P. edulis, P. ponderosa, and Pseudo- 
tsiiga taxifolia in a government nursery at Manhattan, Kansas, were severelv 
blighted by a fungus identified as Diplodia pinea (Desm.) Kiekx. 

Uninjured seedlings of Pinus nigra were completely killed in 30 days by 
myeelia,! inoculations with a single-spore culture of Diplodia pinea. Typical 
pycnidia were formed on these dead seedlings 15 days after inoculation. 

Diplodia pinea has been found on needles, needle bases, bark, and cone 
scales of “dieback” branches of mature trees of Pinus nigra, P. ponderosa, 
P. pungens, P. rigida, and P . sylvestris on the campus of Kansas State Col- 
lege at Manhattan, Kansas. 

Septation of pycnospores of Diplodia pinea varied widely on different 
hosts and also varied on different plant parts. 

Division op Forest Pathology, 

Bureau op Plant Industry, 

United States Department op Agriculture, 

Lincoln, Nebraska 
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CONVEX GUM, A NEW DISEASE OP CITEUS IN CHINA 

Lin Kxjng-Hsiang 
(A ccepted for publication September 10, 1942) 

In the fall of 1941, a citrus-disease survey was made in Fukien Province, 
China. In an orange nursery at Kushanchow, Foochow, twig-blighting of 
a great majority of the nursery trees was strikingly apparent. These trees 
were about 4 i^ears of age. When closely observed, the bark of the blighted 
twigs was seen to have many swellings with gum underneath, and, later, 
when the gum broke through, there were formed open irregular lesions, some 
of which girdled the twig in one or more places. In the open, broken lesions 
could be seen some dried gum. In an orchard at Chongha village, about 10 
miles from Foochow City, a young tree was observed to have numerous 
swellings or convex areas on the bark of the trunk and limbs, but still lacked 
the later open lesions. When a convex area was cut open, a large quantity 
of gum was found in a pocket within the wood tissue. The disease was at 
once suspected to be the same as the more advanced destructive malady pre- 
viously found on the orange nursery trees at Kushanchow. This conjecture 
was later confirmed. Observations were made of other orchards in the vicin- 
ity of Foochow City. Almost without exception, wherever orange trees 
were grown, the disease occurred. 

PLANTS AFFECTED 

In Foochow, only sweet orange (Citrus sinensis, variety, Kushanchow 
Kan) was found affected, Foochow tangerine (C. noUlis) and Ponkan (0. 
nohilis) being free from the disease. The orange trees were commonly 
affected at a young stage. Only 2 older trees, about 30 years of age, were 
found to be affected. 

SYMPTOMS 

The early symptoms of the disease were bark swelling and gum forma- 
tion, which have suggested the name convex gum,’’ in contrast to the con- 
cave gum disease occurring in California, U. S. A. (2). There appear to be 
two types of the disease, so far as the symptom complex is concerned. 

Type 1 

This type was by far the more common and the more serious of the two. 
Large, smooth, and somewhat round bark swellings appeared on the trunk 
limbs, and twigs of the trees. The swellings were often numerous, and gen- 
erally larger on the trunk than on the twigs, averaging about 2.5 cm. in 
diameter. 

When one of the swellings was cut into, a large quantity of brownish, 
sennhquKl-to-cheesy gum was found in a large flattened pocket in the wood, 

1 to o mm. beneath the cambium layer. The gum extended some distance 
beyond the elevated area. The cambium, however, appeared unaffected. 
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No alternate layers of gum formation were apparent, as in the case of the 
concave gum disease (2). 

After a large quantity of gum had accumulated in the pocket, it broke 
through the bark and formed a cankerlike lesion, which appeared much like 
the injury done by the larva of a twig borer (Pig. 1). Two or more such 
lesions often coalesced. When they occurred on the twig, the latter usually 
was girdled and blighted. With lesions on older trees, however, callusing 
and healing-over generally took place, and no serious damage to the tree was 
noticeable. 

Tbe foliag'e of tlie affected trees appeared normal, except on tlie young 
trees with blighted twigs, in which case yellowing occurred. S^unptoms on 
leaves, characteristic of psorosis (1), were not found. Such symptoms may 
possibly appear on the young leaves, however, with the coming of the grow- 



Fig. 1. A twdg of Citrus sinensis affected with convex gum disease (type 1), showing 
bark swellings and cankerlike lesions. 

ing season, as the disease is regarded to be a type of psorosis (see discus- 
sion under ^ ‘ Etiology ” ) . 

Type 2 

This type was less common than type 1 and apparently caused no serious 
damage to the tree. Bark swellings on the trunk, limbs, and twigs of the 
trees were smaller than those of type 1, averaging about 1 cm. in diameter. 
The bark, wdien cut into, was found impregnated with gum, which appeared 
as numerous small, dark-brown spots. 

ETIOLOGY 

While the bark swellings had escaped the notice of all the growers, the 
irregular, open lesions and the twig blighting had been seen and erroneously 
ascribed to an unknown insect injury. 

Inasmuch as the wood and baid^ tissue covering the gum pocket were un- 
injured and appeared normal, indicating no possible path for the invasion 
by an organism, and in the light of the findings of Fawcett (1, 4) wdth 
respect to the etiology of psorosis, it is believed that the present disease is 
caused by a virus, possibly a strain of the psorosis virus. It is suspected 
that the disease may be in some way related to scaly bark, which is very 
common on the tangerine orange in both the Foochow and the Chiangehow 
districts of Fukien Province. The possibility that the trouble may be due 
to a minor-element deficiency should also be considered. Further investi- 
gations wilh be made as soon as conditions permit. 
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EPIPHYTOLOGY 

The disease is believed to be seed-transmitted ; an assumption borne out 
by the fact that no trees propagated by the Chinese air-layering method, 
with the propagating limbs taken from healthy mother trees, have been 
found affected, while the diseased trees were always seedling treesd 

Evidence of the effect of phenological factors on the severity of the dis- 
ease is not available. Observations so far made seem to indicate that convex 
gum may be aggravated by the lack of fertilizer, which supposedly w^eakens 
the tree. 

ECONOMIC IMPORTANCE 

111 the nurseries and young orchards, affected trees under the age of 5 
years were either dying or badly stunted, while the older diseased trees 
might appear normal. The percentage of trees affected was generally high. 
In one nursery the incidence was 100 per cent, and the majority of the trees 
w-ere dying. Counts were made of affected trees in several orchards in 
Foochow. The results are presented in table 1. 


TABLE 1. — The severity of convex gum of citrus in several orchards in Foochoio 


Orchard No. 

Age of tree 

Trees examined 

Trees affected 

Trees affected 


Years 

Nimher 

Ffimher 

Per cent 

1 

4 

24 

24 

100 

2 

9 

31 

11 

35 

3 

9 

10 

8 

80 

4 

7 ■ . ■ 

14 

6 

43 

5 

7 

25 

16 

64 


From this table it may be seen that the percentage of infection ranged 
from 35 to 100. The average percentage was about 64. Damage resulting 
from the disease may not be limited to the killing and stunting of the young 
trees. Affected trees that have temporarily recovered and appear normal 
may deteriorate sooner than the healthy trees, as is the ease with psorosis- 
aflected trees in the United States. It is obvious that the disease inflicts 
heavy losses to both the nursery men and the growers. 

CONTROL 

KSince the disease appears to be seed-transmitted, it is suggested that 
mother trees be selected and placed under observation for 2 to 3 years and, 
if found free from the disease, be registered as certified trees for propaga- 
tion, as is being done for the control of psorosis in California (3) . Remedial 
measures are suggested by the experience of a grower at Kushanchow. A 
seriously affected tree, about 30 years old, recovered after the excision of 
affected tissue and application to the soil of a generous quantity of fertilizer. 
Tlie lesions had all healed over, and the tree had regained a normal, healthy 
appearance, buch a method is in accord with what has sometimes been 
1 The great majority of oranges m Foochow are propagated by seedling trees. 
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employed by orange growers in California for the treatment of slight or 

iiieclium cases of concave gum (2). ^ 


SUMMARY 

A new citrus disease, called convex gum/’ has been found in Southern 
China. The disease is characterized by bark swelling and gum formation 
on the trunk, limbs, and twigs, and it appears to be of two types. In type 1 
the bark swelling is larger than in type 2, and a large quantity of gum is 
produced in a pocket in the wood tissue, 1 to 5 mm. underneath the cambium 
layer. The gum may break through the bark and form canker like lesions, 
which may coalesce, later girdling and killing the twigs. Young trees may 
be killed or badly stunted. In type 2, with smaller swellings, gum is formed 
in the bark and shows as small brown flecks. The disease is believed to be 
caused by a virus, probably related to the one causing citrus psorosis or 
scaly bark. ’ 

Citrus Eesearch Institute, 

Lingnan University, 

PiNGSHEK, KwANGTUNG, ChiNA. 
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THE EFFECT OF SOIL AND CHEMICAL MIXTURES ON THE 
GROWTH OF FUSARIUM OXYSPORUM CUBENSB^ 

CliffordH. Meredith 
(Accepted for publieatioa July 25, 1942) 

The rate of growth of Fuswi'min axysporum cuhense has been recorded 
in several soil types.^ Observations have been made on the highest non- 
toxic percentage and the lowest toxic percentage of chemical and soil-culture 
mixtures.^ The work here reported has been an etfort to find out the ability 
of chemicals to prevent the growth of the fungus in the soil. 

Air-dried clay soil was used in the experiment. The moisture was deter- 
mined, and the percentages given are those of the chemical ingredient and 


TABLE 1. — Chemicals that have not teen observed to influence the growth of 
Fusarimn oxyspoT'um cnhense in 1 per cent soil mixtures 


Aliiminuni sulpliate 
Ammonium chloride 
Ammonium chromic sulphate 
Ammonium molybdate 
Ammonium nitrate 
Ammonium sulphate 
Aiitimonic acid 
Barium bromide 
Barium carbonate 
Barium chloride 
Barium nitrate 
Barium oxide 
Barium peroxide 
Benzidine 

Bismuth oxycarbonate 
Bismuth oxynitrate 
Calcium chloride 
Calcium fluoride 
Calcium oxalate 


Citric acid 
Cobaltous nitrate 
Cupric sulphate 
Gas oil 
Hydrate line 
Kerosene oil 
Lead arsenate 
Lead oxalate 
Lead oxide, mono- 
Lead oxide, red 
Magnesium chloride 
Manganous sulphate 
Mercuric sulphide 
Oxalic acid 
Potassium aluminum 
sulphate 

Potassium antimony tartrate 
Potassium bromide 
Potassium chloride 


Potassium chromic sulphate 
Potassium permanganate 
Potassium sodium tartrate 
Potassium sulphate 
Sodium carbonate 
Sodium carbonate, acid 
Sodium chloride 
Sodium hydroxide 
Sodium nitrate 
Sodium nitrite 
Sodium tetrasilicate 
Stannous chloride 
Stannic oxide 
Strontium carbonate 
Strontium nitrate 
Sugar 
Zinc oxide 
Zinc sulphate 


of the soil dried at 100^ C, rnitil a constant weight was obtained. The chemi- 
cal was added with water up to 3 ml. to test tubes containing 10 g. of soil. 
The tubes wem autoclaved and planted with Fusarium oxysporum cuiense. 
The growth of the fungus was measured 7 days and 14 days, respectively, 
after planting. 

There were 21 chemicals that inhibited the growth of the fungus in con- 
centrations of 1 part per 100 or less (Table 2). Of the inhibiting chemicals 
there were 9 that prevented the growth at 1 part per 100 only, 1 chemical at 
1 part per 1000, 8 chemicals at 1 part per 10,000, and 3 chemicals at 1 part 
per 100,000. Of the chemicals under observation 16 decreased the rate of 
growth of the organism but did not prevent the growth at 1 part per 100 

1 Ackuowlcdgmeut is due the Jamaica Baiiaua Producers! Association for support of 
tliis research. 

a JMeredith, 0. H. The growth of Fusarium oxysporum cuhense in the soil. Phyto- 
path. 31: 01-93. 1941. 

Meredith, 0. H, The effect of chemicals on Fusarium oxysporum euhense growing 
in the soil. Phytopath, 32 : 182-184. 1942. 
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concentration. Copper oxalate, ferric sulphate, hydrochloric acid, lead 
acetate, magnesium sulphate, nickel sulphate, nitric acid, potassium bromide 

TABLE 2. — The penetration of Fusarmm oxysporum cubenae in chemical and soil 

mixtures 


Chemical 

SIS 

k. 

c3 

«N 

O 

d 

One part 
per 100 

O 

h ^ 
aj o 

§ ^ 

O Pk 

One part 
per 10,000 

One part 
per 100,000 

o 

o 

4.3 O 

b. ^ 
a o 

2^ 

O p, 

Cheek 

Check 




cm. 

cm. 

cm. 

cm. 

cm.. 

cm. 

cm. 

35. 

Acetic acid 

7 



1.6 

1.4 

1.5 

1.9 

1.6 



14 


0.1 

3.4 

3.6 

3.2 

3.1 

3.0 

70. 

Borax 

7 


1.2 

1.5 

1.2 

1.6 

1.5 

1.6 



14 


2.5 

2.5 

2.3 

2.7 

2.3 

2.2 

15. 

Boric acid 

7 


0.5 

1.1 

0.9 

1.6 

1.9 

1.3 



14 


0.5 

2.2 

3.0 

2.6 

3.2 

2.1 

100. 

Cadminum sulphate 

7 


1.1 

1.5 

1.5 

1.9 

1.5 

1.8 



14 


2.3 

3.6 

3.0 

7.5 

3.3 

3.7 

76. 

Iodine 

7 



0.5 

0.7 

1.0 

1.3 

1.5 



14 



0.5 

0.8 

3.7 

2.4 

3.2 

87. 

Mercuric ammonium 

7 




0.5 

1.2 

1.5 

1.6 


chloride 

14 




0.5 

2.5 

3.5 

3.5 

89. 

Mercuric carbonate 

7 




0.3 

0.5 

1.4 

1.1 



14 




0.2 

0.5 

3.0 

3.5 

7. 

Mercuric chloride 

7 





0.7 

1.0 

1.8 



14 





2.1 

2.4 

2.6 

88. 

Mercuric iodide 

7 





0.6 

1.3 

1.4 



14 





2.8 

2.6 

3.1 

53. 

Mercuric oxide (red) 

7 




0.1 1 

1.0 

1.3 

1.5 



14 




0.1 i 

1.8 

3.0 

3.3 

54. 

Mercuric oxide (yellow) 

7 


1 ■ 



0.2 

1.9 

1.2 



14 





0.3 

3.0 

3.1 

90. 

Mercuric sulphate 

7 




0.8 

1.5 

1.8 

1.6 



14 





2.5 

3.0 

3.2 

16. 

Mercurous chloride 

7 




0.8 

1.1 

1.5 

1.8 



14 




2.3 

2.8 

4.9 

3.0 

3 

Mercury dust No. 1 

7 




0.4 

1.3 

1.4 

1.9 



14 




0,3 

3.2 

3.1 

3.0 

4. 

Mercury dust No. 2 

7 




0.4 

0.5 

2.1 

1.7 



14 




2.3 

2.5' 

2.9 

3.3 

60. 

Mercury dust No. 3 

7 




0.2 

0.7 

1.2 

2.4 



14 




0.2 

0.5 

2.5 

4.0 

48. 

Paris green 

7 


1.5 

1.5 

1.0 

1.7 

1.7 

1.2 



14 


3.5 

3.1 

2.7 

3.7 

3.3 

2.5 

45. 

Phenolphthalein 

7 


1.4 

1.4 

1.7 

1.5 

1.2 

1.5 



14 


3.4 

3.8 

3.5 

3.0 

3.4 

3.2 

2. 

Potassium dichromate ... 

7 


0.9 

1,4 

1.7 

1.5 

1.5 

1.9 



14 


2.3 

2.9 

3.2 

2.7 

3.4 

3.0 

8. 

Silver nitrate 

7 


0.2 

1.5 

1.5 

1.4 

1,3 

1.3 



14 


0.2 

2.2 

2.6 

2.0 

2.6 

1.7 

42. 

Thymol 

7 


1.2 

1.0 

1.2 

1.0 

1.1 

1.4 



14 


2.6 

2.3 

2.9 

2.8 

3.5 

2.8 


potassium clilorate, siilfanilamide, snlpliur, sulphuric acid, and 4 cominer- 
cial sprays decreased the growth. There were 8 phosphorus eompounds 
used in this study. Calcium phosphate, di-sodium phosphate, sodium am- 
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momum phosphate, sodium biphosphate, sodium di-hydrogen phosphate 
sodium phosphate, superphosphate, and tri-sodium phosphate gave greater 
growth in concentrations of 1 part per 100 and 1 part per 1000 than the 
soil without the phosphorus in the check tubes. In this experiment 55 chemi- 
cals w'ere not observed to affect the growth of the Panama disease organism 
in a 1 per cent mixture (Table 1). 

The mercury compounds were the most effective in preventing the growth 
of Fiisarium oxysponm etilense in the soil. Of the 12 mercury compounds 
observed 11 were able to inhibit the growth of the organism in concentrations 
of less than 1 part per 10,000. 

Glenlbigh Laboeatory, Friends College, 

Highqate, Jamaica, B. W. I. 


THE COMPOSITION OP WHITE CLOVER LEAVES AS 
AFFECTED BY RUST AND BY SULPHURS 

J. T. Sullivan and S. J. P. Chilton 
(Accepted for publication September 4, 1942) 

A previous communication^ reported tlie influence of leaf rust {TJromyces 
trifolia (Hedw. f.) Lev.) and of sulphur, that was used to control the rust, 
in decreasing the carotene content of white clover (Trifolmm repens L.). 
Analyses for other constituents indicate that sulphur and rust exert an in- 
fluence on some of these constituents. As no further analyses can be made 
ill the near future, the results, though preliminary, are reported. 

The plants used were the same as in previous studies.^ Comparative 
analyses of rusted and sulphur-dusted susceptible plants are given in table 1. 
Moisture is expressed on the fresh-weight basis, other constituents on the 


TABLE 1. — Comparative analyses of rusted and rust-free plants of white clover 


Constituent materials 

Average of 7 susceptible 
clones 

Average of 2 resistant 
clones 

Dusted 

1 

Busted 

F value 

Dusted 

Not 

dusted 

F value 

Moisture 

Crude protein N 

Ash 

Fat 

Fiber 

N-free extract 

Per cent 
77.20 
3.22 
14.37 
1.88 
13.79 
49.76 

Per cent 
75.87 

3.36 
15.08 

2.37 
13.49 
48.01 

10.57a 
7.1 7t> 
4.06 
55.23a 
2.35 
10.59a 

Per cent 
79.76 
3.59 
13.40 
2.08 
12.58 
49.28 

; Percent 
80.01 
3.87 
12.84 
2.28 
11.98 
48.54 

0.17 

26.41C 

17.15« 

2.40 

29.42c 

1.69 


a Exceeds 1% point of 7.72. 
b Exceeds 5% point of 4.22. 
c Exceeds 1% point of 13.74. 


dry- weight basis. Prom the data it is obvious that rusted plants were higher 
in protein and fat and lower in moisture and nitrogen-free extract than were 
sulphured plants. Analyses of dusted and nondusted, rust-resistant plants 
indicate (Table 1) sulphur has increased the ash and fiber and decreased the 
protein. 

It is assumed that sulphur dusting affected rust-susceptible and rust- 
resistant plants equally. Therefore, to evaluate properly the effect of rust 
on susceptible plants, the effect of sulphur on the sulphured plants with 
which they are compared should be taken into account. Since sulphur has 
decreased the protein, the obserATd effect of rust in causing an increase in 
protein cannot be verified. The ash content has been increased by the rust 
to a greater degree than the data indicate and the difference is probably of 

1 Contribution No. 40, of the U, S. Begional Pasture Eesearcb Laboratory, Division of 
Forage Crops and Diseases, Bureau of Plant Industry, IT. S. Department of Agriculture, 
in cooperation witb the Northeastern States. 

2 Sullivan, J. T., and S. J. P. Chilton. The effect of leaf rust on the carotene content 
of White clover. Phytopath. 31: 554-557. 1941. 
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sigiiificanee. The effects of sulphur on the fat and on the nitrogen-free 
extract, while not of statistical significance, are in such a direction as to 
bring into question the significance of the effects of rust on the susceptible 
plants. 

Another approach to the problem of determining the effect of rust is to 
compare the composition of rusted with non-rusted leaves from the same 
plant. Such a comparison is not complicated hy the effect of sulphur. 
Leaves from rusted plants were grouped by hand as heavily rusted, lightly 
rusted and non-rusted. Analyses of these samples are summarized in 
table 2. The differences found here between rusted and non-rusted leaves 
are greater than those illustrated in table 1, but the rusted samples described 
in table 1 were of all leaves taken from rusted plants and not all leaves of 
such plants were rusted. 

The rusted leaves are higher in ash, fat, fiber, and nitrogen-free extract 
and lower in moisture and protein than non-rusted leaves of the same plant 
(Table 2). All differences are significant. Though only fully developed 


TxABLE 2 . — Comparative analyses of leaves from same plant (average of 9 plants) 


Constituent materials 

Heavily rusted 
leaves 

Lightly rusted 
leaves 

Non-rusted 

leaves 

P value 


Per cent 

Per cent 

Per cent 


Moisture 

70.11 

72.74 

76.23 

85.89a 

Crude protein K 

3.21 

3.47 

4.03 

167.63a 

Ash 

15.28 

14.38 

14.10 

7.74a 

Fat 

2.56 

2.21 

1.99 

38.44a 

Fiber 

13.61 

12.75 

12.49 

32.35a 

N'free extract 

48.54 

48.96 

46.24 

18.19a 


a Exceeds 1% point of 6.23. 


leaves were used, the composition of the non-rusted leaves as compared with 
the rusted is similar to that of younger as compared with older leaves. 
While more younger leaves may have been included in the non-rusted group, 
the differences in composition found are not believed wholly attributable to 
age. Ash content, the only constituent definitely shown increased by^ rust, 
serves as a criterion. The difference in ash content between heavily rusted 
and non-rusted leaves are what wwld be expected from the effects of rust 
alone. In another experiment leaves from the older halves of stolons of 3 
rust-free clones averaged 16.3 per cent more ash than did leaves from the 
younger halves of the same stolons. If manual separation of rusted and 
non-rusted leaves placed a greater proportion of young leaves in the rust- 
free class the differences in ash caused by the two factors of age and rust 
should have been greater than that found. 

It is eoncluded that both rust and sulphur have affected the composition 
of white clover plants and that sulphured plants cannot be used as controls 
in determining the effects of rust on certain chemical constituents of the 
plant. 



PHYTOPATHOLOGICAL NOTES 


The jLniagonism of Actinomyces to Fusarium oxysporum cuhense} — A 
species of Actmomyces has been isolated that will dissolve the mycelium of 
Fusarmm oxysporum ciihense. The culture was collected from a compost 
heap made by Clifford L. Clemetson at Frontier, Port Maria, P. 0., Jamaica. 
The agent that produced the lysis diffused through agar and checked the 
growth of the fungus. When spores of each organism were mixed together 
in a Petri dish of 2 per cent soil-extract agar the fusarium apparently de- 
veloped for two days in a normal manner when compared with the check 
plates. The lysis was very evident on the fifth day, for sections of the 
mycelium had disappeared with small sections remaining. Some Fusarium 
ciilamydospores were observed on the seventh day. In 9 days the fungus had 
disappeared and the Actinomyces sp. had made a normal growth similar to 
the cheek plates. — Clifford H. Meredith, Gleiileigh Laboratory, Highgate, 
Jamaica, B.W.I. 

Besistance in the Genius Nicotimm to Phytophthora parasitica Dastur var. 
nicotianae Tucker . — Thirteen Nicotiana species, including several strains 
and varieties of N. tahacum^ have been tested, under greenhouse conditions, 
for resistance to black shank. All plants were transplanted to steam-steril- 
ized soil preAdously inoculated with pure cultures of Phytophthora; all cul- 
tures having been isolated from infected tobacco and tested for pathogenic- 
ity. Data were taken as to total number of plants killed or partially 
infected ; roots of surviving plants were examined for infection. 

Under the severe conditions of these experiments no Nicotiana species 
or strains proved immune. Two varieties or strains of tahaciini^ Florida 
Eg and Tobacco Institute 150 (53-A), showed some resistance provided 
plants, set in inoculated soil, were approximately of size and age for field 
transplanting. When small seedlings of these varieties were set in inocu- 
lated soil nearly all plants were infected and a high percentage killed. 
Numerous observations of these varieties, grown in outside beds in naturally 
infested soil, give added support to data from these experiments, indicating 
that Eg and 150 (53-A) show^ but little, if any, resistance to black shank in 
the early seedling stage, under Puerto Eican conditions. Two commercial 
varieties, Yirginia No. 9 and Utuado X No. 1, have shown some degree of 
resistance under field conditions based on commercial field observations and 
confirmed by data from a randomized field-plot experiment.^ However, in 
these greenhouse experiments nearly all plants of Virginia No. 9 and Utuado 
X No. 1 were killed. 

Three additional Nicotiana species, N. repamda^ N. rustica, and N. longh 
flora, showed definite resistance to black shank. In N. repanda resistance 

1 Acknowledgment is due the Jamaica Banana Producers^ Association for support 
in this research. 

1 Foster, H. H., M. Garcia Fortuho and G. Irizarry Bubio. Notes on diseases, decays, 
and disorders of tobacco in Puerto Eico during the 1941-42 season. (Mimeographed) 
PL Bis. Eptr. 26: 247-253. 1942. 

m ■ 


404 


Phytopathology 


[VoL. 33 


appeared to be located primarily in the roots. All infected plants observed 
showed active infection to be limited to the more succulent stems and leaves. 
In several plants when the disease reached the transition zone between stem 
and roots, infection was “corked” off. Plants of sufficient size and vigor 
to continue stem and leaf production appeared to recover completely. From 
the results of these experiments N. repanda might be of definite value in 
inter-speeies crosses with N. taiacum. It has been shown^- ® that N. repanda 
carries resistance to several other major tobacco diseases. Earlier, Tisdale* 
found that Nicotiana riistica was resistant to black shank but failed, in all 
attempts, to cross JV. riistica with N. tahacum. 

Numerous attempts were made, by the writer, to cross Nicotiana repanda 
with N. taiacum, using several different combinations. Germination of Pi 
seed was obtained from a cross between (4r-N repanda) x (2-N) taiacum. 
The (4^N) repandu plants were grown from colchicine-treated seed. All Fi 
plants grew somewhat slowly, and, following transplanting, failed to recover 
and initiate new growth. — H. H. Postee, Department of Pathology and 
Genetics, Tobacco Institute of Puerto Rico, Rio Piedras, P. R. 


Leaf Spot on Termimlia arjuna. — In February, 1937, while visiting the 
United States Plant Introduction Garden at Coconut Grove, Dade County, 
Florida, the writer observed a severe leaf spot on Terminalia arjuna Wight 
and Arn. growing in the garden. This conspicuous disease apparently has 
not been reported hitherto. It has continued abundant as shown by speci- 
mens received in subsequent years. These were collected by H. P. Loomis, 
who, with L. G. Polhamus, was present when the disease was discovered. 
The leaf spot appears on any part of the blade, and is circular to irregular 
and may be delimited by the veins. Usually, it is 2-8 mm. in diameter but 
is sometimes more extensive. Based on dry specimens, the color of the spot, 
above, is wood-brown, light brownish-drab, or pale-drab gray, and, below’ 
mikado-brown to tawny-olive.* The necrotic area becomes dry, shrunken’ 
and severed partly or entirely from the leaf as a whole. Severely infected 
leaves from which much of the dead tissue has fallen away present an ex- 
tremely ragged or insect-eaten appearance. (Fig. 1, A-C.) 

The disease seems to be of fungus origin. Pycnidia of the nature of 
PKyllosticta^ are present on the lesions, and among the organisms isolated 
IS Phomopsis sp. (Fig. 1, D and B), as well as Pestalotia. The Pestalotia 
has been identified as P. dmmiwto Thiim. by B. T. Guba, who stated that 
this species, originally described on Eumlyptus, i^ widespread among mem- 

bers of the Myrtales. Anna E. Jenkins, Bureau of Plant Industry Station 
Beltsville, Md. > 

topatlu&8?^of.- “ Mcotiana. (Abstract) Pby- 

(AbstS? PhytopSi.’ 30^: resistance in the genns Nicotiana. 

. _ 1 Color readings based on RidffwaV. E. 


.. based on Ridgway, B. 

pp. illus. Washington, B. G. 1912* 


Oolor standards and color nomenclature. 




Phytopathological Notes 


Fig. 1. A-C. Spotting of old leaves of Terminalia arjuna, TJ. S. Plant Introduction 
Garden Coconut Grove, Fla. A, a and c, May, 1938, H. F. Loomis; A, 1>, February, 1937, 
^Polhamus; B and C, January, 1939, F. Loomis. All x 1. D and F. Phomopsis 
sp., B, alpha spores ; E, beta spores, x 500. All photographs by M. L. F. Foubert. 
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A Differential Iledium for the Isolation of Phytonionas sepedonical— 
The study of the ring rot of potatoes frequently involves numerous routine 
isolations of the pathogen (Phytomonas sepedonica). This operation is 
relatively simple when the tubers employed are in the early stages of infec- 
tion. If, however, the isolation is attempted from badly rotted tubers, see- 


Pig, 1. Agar plate cultures showing effect of potassium dichromate on growtli of 
soft-rot and ring-rot bacteria. Al. A control plate of Burkholder’s agar streaked with 
a suspension of a pure culture of soft-rot bacteria (Brwinia carotovora) at left and 
Phytomonas sepedonica on right. A2. A plate of dichromate agar (1: 12,000) streaked 
with the two organisms. Note good growth of P. sepedonica and complete inhibition of 
B. carotovora. Bl. A dilution plate of Burkholder ’s medium inoculated with mixture of 
soft-rot and ring-rot bacteria. Soft-rot colonies have overgrown the plate, completely ob- 
scuring any ring-rot colonies that might have developed. B2. A plate of dichromate agar 
(1: 12,000) inoculated in the same manner. The soft-rot bacteria were inhibited com- 
])letely, while the ring-rot bacteria were present, although not visible here because of the 
small size of the colonies. B3. The colonies of P. sepedonica in the dichromate-agar plate 
shown in B2, photographed at 100 X magnidcation. 

1 Published with the approval of the director of the West Yirginia Agricultural Ex- 
periment Station as Seientide Paper No. 299. 
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ondary organisms of the soft-rot type (Gram-negative rods) usually crowd 
out the pathogen. A differential medium that largely overcomes this dif- 
ficulty has been devised. It is based on Malhnami’s^ observation that potas- 
sium dichromate inhibits Gram-negative bacteria, while it permits the 
growth of Gram-positive species. 

Burkholder’s medium,^ and a 1: 1000 solution of C.P. potassium dichro- 
mate are the basic materials. These are prepared in separate flasks and 
sterilized. A heavy suspension of the yellowish exudate from the ring-rot 
lesion is made in sterile water. Prom this master suspension, loop dilutions 
are made to a series of duplicate plates. The liquefied agar, cooled to 50° C. 
is mixed with the calculated amounts of sterile 1 : 1000 potassium dichromate 
solution. Usually dilutions of 1 : 9000, 1 : 12,000, and 1 : 15,000 give satisfac- 
tor}?' concentrations to accommodate the varying conditions incident to 
isolation. Approximately 10 ml. of the medium is poured over the bac- 
terial suspension and thoroughly mixed. The cultures are incubated at 
22° C. in a moist chamber. After 7 to 9 days, distinct pin-point colonies of 
the ring-rot bacteria appear in the agar. Isolation of these colonies is easily 
effected by the usual technique of ^'fishing,” using a finely sharpened chromel 
wire needle for this purpose. The sharp differential action of this medium 
is shown in figure 1. — E. A. Marten, C. V. Lowtker, and J. G. Leach, De- 
partment of Plant Pathology and Bacteriology, West Virginia University, 
Morgantown, W. Ya. 

Leaf Blight of Corn . — ^Leaf blight of dent corn has been under observa- 
tion in Ohio for the last 4 seasons. With the introduction and wddespread 
use of corn hybrids it has become more important, especially in the southern 
half of the State. It is estimated that the loss resulting from leaf blight 
in southern Ohio in the last 4 years has exceeded that from any other 
disease. Work was initiated in 1939, in Ohio, to determine the major cause 
or causes of the disease. Many growers of corn hybrids were much con- 
cerned; the trouble was variously attributed to drought injury, poor soil 
conditions, and Stew^art’s disease or bacterial leaf blight. 

During July, August, and September, 1939 more than 200 isolations 
were made from collections of diseased corn leaves from different regions 
in southern Ohio. Pathogenicity of the isolated organisms was tested. 
Bacterial isolates were hypodermically injected into stalks of 6- to 8-inch 
greenhouse-grown corn pi ants, while the isolated fimgi -were tested by spray- 
ing like plants with a spore suspension in 'water and then maintaining them 
24 to 36 hours in a moist chamber. These experiments indicated t'vvo kinds 
of leaf blight in Ohio *. bacterial, caused by Phytomonas steivarti (Sm.) Com. 
S. A. B., and Helminthosporium leaf blight caused by Ilelminthosporhim 
Gercmtcm Pass. The latter being the more prevalent. 

2 Mallmann, W. L. The selective bacteriostatic effect of slow oxidizing agents. Jour. 

Bact.42; 295. 1941. 

3 Burkholder, W. H. The occurrence in the United SUites of the tuber ring rot and 
wilt of the potato. Amer. Potato Jour. 15 : 243-245. 1938r 
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Symptoms characterizing the two blights differ distinctly and are usually 
readily distinguishable in the field. The bacterial lesions are spots of irregu- 
lar shape, or streaks often extending almost the entire length of the leaf. 
The individual spots produced by E. turciciim are more or less elliptical, 1 to 
4 cm. wide by 14 cm. or less long ; often a brown to reddish margin, with 
zonation apparent in some spots. The center of the fungus lesions is often 
covered with a greenish-black growth of conidia and conidiophores. Coales- 
cence of lesions may occur in both types of blight, and the leaf soon dies 
and becomes dry. 

Preliminary tests . of the reaction of inbred lines, single crosses, and 
double crosses of dent corn to Helmintliosporiiim turcicum were made in the 
greenhouse. Plants of 24 inbred lines, 26 single crosses and 6 double crosses 
were sprayed with a water suspension of spores and then placed in a moist 
chamber for 24 to 36 hours. The results showed no seedling resistance in any 
of these lines or crosses. 

The isolation and inoculation tests suggest that the fungus Helmmtho- 
sporiiim turcicum induces most of the leaf blight in Ohio, a fact further 
established by many observations of experimental breeding plots, coopera- 
tive test plots, and farm fields made in August and September, 1940, 1941, 
and 1942. Marked differences in amount of infection also were then noted 
between the different inbreds and crosses grown side by side. Inbred lines 
KYS, la. L317, la. L289, Ohio 02 and Ohio 40B are some that are resistant 
to Helminth osporium blight, while la. 1224, 111. A. U. S. 540, Wis. CC5 and 
Ohio 67 are very susceptible. Hybrids la. 939, U. S. 13 and Ohio L86 have 
been resistant, while Ind. 614, Ind. 6080, U. S. 44, and Ohio 014 are very 
susceptible in southern Ohio. In 1938 Ohio produced 316 acres of hybrid 
Indiana 614 seed. By 1942 there was only 11 acres, due chiefly to Helmin- 
thosporium leaf blight. 

Although bacterial leaf blight has been present in many Ohio fields in 
the last four years, it has been observed causing serious losses in but few 
instances. Although present in many Ohio fields since 1939 it has been 
observed causing serious losses in but few instances. 

Helmmthospormm turcmim also has been isolated from Sudan-grass 
{Sorghum vulgare var. sudayiense (Piper) Hitchc.) and Johnson-grass 
{Sorghum halepense (L.) Pers.) collected in southern Ohio.— C. W. Ellett,^ 
Department of Botany, The Ohio State University, Columbus, Ohio. 

hifluenee of Plant Populations upon Incidence of Pineapple Yellow Spot.^ 
^Recent studies on the influence of tomato plant populations and planting 
systems upon ineidenee and destructiveness of the curly-top disease, A add 
interest to data taken by the writer some years ago on yellow-spot of pine- 

1 Ai*,knowkidgment is made to Hr. C. C. Allison and Hr. W. G. Stover for helpful sug- 
gestions in the course of the work. 

approval of the Acting Hirector as Technical Paper No. 144 of 
the Pineapple Kesoarch Institute of Hawaii, University of Hawaii. 

2 bhapovalov, M,, H. L. Blood, and B. M. Christiansen. Tomato plant populations in 
relation to curly-top control (Abstract) Phytopath. 31: 864. 1941. 
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apple, Ananas comosus (L.) Merr. This disease is transmitted by Thrips 
talaci Lind.,® and is caused by a virus probably identical with that of 
tomato spotted wilt.^-® Infection of pineapple plants results chiefly or 
exclusively from the feeding of thrips that have developed on more favor- 
able hosts of both virus and vector. Pineapple plants are susceptible 
during early growth, soon after planting, and again during development 
of the fruit. Plants infected early die without fruiting; hence, this dis- 
ease in fruiting plants represents infection after the inflorescence has begun 
to develop. 

In a plantation experiment in which population density had been varied 
by 3 widths of spacing between plants in the rows of 4-row beds, the prev- 


TABLE 1. — Incidence of yellow-spot of pineapple fruits and crowns, per cent and 
per acre, related to $ intervals of spacing of plants in the rows and the resulting numbers 
of plants per acre 



Infections per 100 plants 

Infections per acre 

Eeplication 

12 in. 

15 in. 

18 in. 

12 in. 

15 in. 

18 in. 


21,780 

18,150 

14,520 

21,780 

18,150 

14,520 


Ter cent 

Ter cent 

Ter cent 

No, 

No, 

No, 

1 

3.0 

4.8 

5.5 

653 

871 

799 

2 

3.5 

4.3 

5.3 

762 

780 

770 

3 

3.4 

4.6 

4.6 

740 

835 

668 

4 

3.3 


5.4 

719 


784 

Mean 

3.3 

4.6 

5.2 1 

718 

829 

7 

Difference, 


per cent 


39.4 

57.6 


15.5 

. 5.2 

Pa 



67.7i> 




0.94 


a With 1 and 6 degrees of freedom in comparisons of 12 inch and 18 inch spacings, 
F = 5.99 for 5 per cent probability and F = 13.74 for 1 per cent. 

b After angular transformation of percentages to degrees, the calculated F value is 

72.5. 

alence of yellow-spot infection was determined just prior to liarvevSt. All 
beds consisted of 4 rows 17 inches apart, with the beds spaced 8 feet from 
center to center ; but plants in the rows were spaced 12, 15, and 18 inches 
apart, resulting in populations of 21,780, 18,150, and 14,520 plants per 
acre, respectively, when the area occupied by field roads is not considered. 
Each spacing was represented by 4 replications of 4-bed plots 300 feet long, 
with plots and treatments arranged parallel in systematic rotation in a 
strip 384 feet wide. Fertilizer had been applied before planting at a uni- 
form rate per unit area. Later applications were uniform per plant. 

Counts were made of fruiting plants in each plot and of plants with 
fruits or crowns or both infected with yellow-spot. The data are presented 

a Linford, M. B, Transmission of the jiineapple yellow-spot virus by Thrips tahacL 
Phytopath. 22: 301-324. 1932. 

4 Parris, Gr. K. Mechanical transmission of yellow-spot virus: evidence for identity 
with spotted- wilt virus. Phytopath. 30: 299-312, 1940. 

5 Sakimura, K. Evidence for the identity of the yellovr-spot virus with the spotted- 

wilt virus: experiments with the vector, Thrips tab acL Phytopath, 30: 281-299. 1940. 
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in table 1 on a percentage basis and as calculated numbers of infected 
plants per acre. 

Consistency of the percentage of infection among plots of equal popu- 
lation density is siiffleient to demonstrate the significance of differences 
between spacings. The 12- and 18-inch spacings are clearly distinct, with 
57.6 per cent heavier infection in the latter. The unfortunately incomplete 
data from the intermediate spacing overlap somewhat those from the 
widest spacing, but indicate an intermediate percentage of infection. 

Numbers of infections per acre, on the contrary, show no such significant 
influence of plant population. The apparent differences between means are 
siiiall and may be wholly a result of chance. If they are real differences, 
how’ever, they indicate slightly more infections per acre in the intermediate 
population, wdth the population extremes close together. Such differences 
might be attributable to differences in plant susceptibility induced by the 
different spacings, for spacing did modify growhh. Bata on fruits and 
crowms taken during harvest show^ed that fruit weight diminished as plant 
population increased. Time of ripening wns influenced very little, as was 
also the apparent quality of the fruit. Crowns, hownver, were smallest in 
the closest planting, slightly larger in the most open planting, but still a 
little larger in the intermediate; and this may have influenced infection 
inasmuch as crown leaves are susceptible only while elongating and only 
in the immature zone at the base. There was nothing to suggest that dif- 
ferences in susceptibility w^ere very great. 

There had been no important source of vectors within this field. It 
is presumed, therefore, that thrips w^'ere carried in by the prevailing winds 
from a vacant field located several hnndred yards from the nearest corner 
of this experiment — a field that during and for a time following blossoming 
of the experimental plants, had supported an abundant growffh of weeds. 

These data support the hypothesis that infective thrips, blowm in from 
a distance, w^ere scattered almost uniformly over the experimental planting, 
resulting in approximately equal numbers of infections per unit area but 
in percentages of infection that are inversely related to plant-population 
density. Plots with plants 18 inches apart, having only two thirds as many 
plants per unit area as plots wdth 12-inch spacing, would be expected to 
have 50 per cent more infections, a figure reasonably close to the observed 
value of 57.6 per cent. Although the intermediate spacing gave results not 
fitting quantitatively so well with expeetations, it, too, agrees in showing a 
hnver percentage of infection to accompany dense plant populations, and 
its departure from expectations is within limits of likely infllnences of plant 
susceptibility.— M, B. Linford, Pineapple Eeseareh Institute, Honolulu, 
Hawaii.' ^ ,• , ■ : ■ 

Ihiomn {Tetra methyl Thmramddstdfide) and Scurf Control of Sweet 
Potatoes. ^Sinre an adequate supply of mercury for fungicidal purposes 
has l)oeomc less certain than usual, a new interest in mercury substitutes for 
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sweet-potato seed and sproiit-dip treatmeiits lias been aroused. In this con- 
nection considerable interest lias been sliown in Spergon (tetracliloro para 
benzoquinone). Elmer^ reports obtaining good control of stem rot by tlie 
use of this material. Dailies^ found that Spergon offers only mild control 
of scurf, while Cook and Harter^ found that this chemical wtis not effective 
for the control of black rot. Prom these reports it would appear that the 
use of Spergon on sweet potatoes wall be somewliat limited. 

During the growing season of 1942, several non-mercurial fungicides 
were compared with Semesan Bel as sprout dips for the control of scurf 
(Monilochaetes infuscans) and stem rot {Fiisarmm^ sp.) , on the College Farm 

TABLE 1 . — Besiilts of sprout treatments for scurf control 


Amount of control 


Treatment 

Underground portion 
of stem 

Pleshy roots 

No. examined 

Eree from scurf 

Scurf 

Sweet j)otatoes 
examined 

Free from scurf 

Slight scurf 

Medium scurf 

Unsalable from 
scurf 



Per 

Per 

Ur, 

Per 

Per 

Per 

Per 



cent 

cent 

i\ 0. 

cent 

cent 

cent 

cent 

1. Semesan Bel, 1 lb. to 10 









gal 

150 

54.0 

46.0 

405 

49.9 

22.5 

7.6 

20.0 

2. Semesan Bel, 1 lb. to 10 









gal. — sprouts held 4 









hr. after the dip treat- 









ment before plantinga 

150 

70.0 

30.0 

536 

66.6 

14.4 

6.7 

12.3 

3. Thiosan, 1 lb. to 7 i gal. 

150 

56.0 

44.0 

408 

38.2 

24.8 

12.0 

25.0 

4. Thiosan, 1 lb. to 5 gal. ... 

150 

61.4 

38.6 

457 

61.9 

21.0 

5.7 

11.4 

5. Spergon (wettable) 12 









oz. to 1 gal 

150 

34.0 

66.0 

404 

23.2 

22.3 

14.9 

39.6 

6. Untreated check 

150 

6.0 

94.0 

362 

8.0 

16.3 

14.1 

61.6 


a Tlie sprouts in treatment 2 were Avrapped in moist burlap and held for 4 liours 
before setting in the field. The plants in all other treatments Avere planted Avithin 15 
minutes after the treatment AAms made. 


ill New Brunswick. One-half of the Semesan Bel-treated sprouts w^ere 
planted shortly after they were disinfected, w^hereas the remaining plants 
wTre held for 4 hours following the treatment before being planted. The 
soil in which the potatoes were grown was a sassafras loam. This soil being 
heavier than the ordinary sweet-potato soil, favors the development of scurf 
and renders injury from mercury less likely to occur than would be the 
case in the sandy loam soils of South Jersey. The sprouts used in this test 
were growai from nontreated potatoes that w’’ere badly affected wdth scurf. 

A Eiiner, 0. H. 1942. Use of Spergon for sweet potato seed and sprout treatment. 
PI. Dis. Beptr. 26: 44-46. 

2 Baines, Bobert H. 1942. Spergon (Chloranil) and scurf control of sweet potatoes. 
PI. Dis. Bptr. 26: 160. 

3 Cook, H. T., and L. L. Harter. 1942. Wettable Spergon not effective as a sxirfaee 
disinfeetant of sweet potatoes used for seed. PL Dis. Bptr. 26: 222. 
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Each tiGatiiieiit consisted, of a row of 100 plants that was replicated 3 times 
Moist soil and warm weather at time of planting favored the rapid estab- 
lishment of the plants. 

An examination of the underground portions of the plants one week after 
setting, revealed that the sprouts in the Semesan Bel treatments had lost 
the ixse of most of the rootlets that were present at setting time. However 
new i-ootlets, as in the other treatments, had already appeared and the above- 
ground portions of the plants looked as good as those of any treatment 
Although injury was present in both treatments where Semesan Bel was 
used, it was most prevalent in the treatment where the sprouts were held 4 
hours after treating before being set in the field. In this treatment approxi- 
mately 63 per cent of the plants showed browned areas on their ptems 
Where the plants were set within 15 minutes of the treatment, the browned 
areas were present on 22 per cent of the stems. The sprouts in all remain- 
ing treatments showed no evidence of root or stem injury from the chem- 
ical burning, since the stems were free from burned areas and the rootlets 
that were present at setting time were still functional. 


ocem ror was present m only 5 per cent of the nontreated check plants 
and although it was less abundant in all the treatments, the incidence of 
infection was not sufiaciently great for the data on stem-rot control to be of 
much value. 

At harvest time data were taken to record the presence or absence of 
scurf on the underground portions of the stems and on the sweet potatoes 
themselves. These data are given in the accompanying table. 

In this experiment Semesan Bel and Thiosan (tetrainethyl thiuramdisul- 
fide) gave good scurf control. This was particularly true for the Semesan 
Bel-treated sprouts where planting was delayed, and for the 1 to 5 Thiosan 
treatment. The control provided by Spergon was only moderate, even at 
the high concentration used. 

Prom the data presented here (Table 1) it would appear that Thiosan 1-5 
offers good possibilities as a sweet-potato-sprout dip for scurf control. Under 
conditions of severe scurf this material was as effective as Semesan Bel Al- 

the lujiuj that did occur justify optimism. One disadvantage with this 
ma erial in its present state is in its physical properties. Because of its 

requSel ' ’ ^^^tation of the dipping solution is 

Prom the scurf and sprout-injury data obtained from sprouts planted 
plSL rwo “^'te as compared with a Llayed 

he flnScidreffi treatment increases 

ihit A Chemical 

S N~T Opines, Agricultural Experiment Station, New Bruns- 


REPOET OP THE ANNUAL MEETING OP THE COUNCIL OP THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 
POR THE YEAR 1942 

Eesults of a questionnaire sent to members in 68 institutions and representing tlie 
oi)inion of approximately 300 members were predominately in favor of cancellation of 
the 34th annual meeting scheduled for New York, December 27-31, 1942. However, 
members were greatly in favor of a meeting of the old and new officers and councilmen 
in conjunction with a meeting of the War Committee of The American Phytopathological 
Society. Also, members voting were almost unanimously in favor of giving emergency 
authorization to the Council to make appointments, elect new members, and transact 
necessary business without immediate approval of the Society — such appointments and 
business decisions to be immediately effective, but subject to approval of the Society 
at the next general meeting — all appointments and business decisions to be published in 
PHYTOPATHOLOCY. 

On the basis of this information a business meeting of the Council was held in 
connection with a meeting of the War Committee, February 12-14, 1943, in the Deshler- 
Wallick Hotel, Columbus, Ohio. 

A conference on ^'reduced dosages of fungicides and insecticides,^^ previously 
scheduled for the New York meeting, was held on February 14 with representatives 
from The American Phytopathological Society, the American Association of Economic 
Entomologists, and the Biometries Section of the American Statistical Association 
particii;)ating. 


OFFICERS, REPRESENTATIVES, AND COMMITTEES POR 1943 

Officers: 

J. C. Walker, President (1 yr.), University of Wisconsin, Madison, Wisconsin. 

J. J. CHRISTENSEN, Vice-President (1 yr.), University Farm, St. Paul, Minnesota. 

C. C. Allison, Secretary (3 yr. term expires 1944), The Ohio State University, 
Columbus, Ohio. 

H. A. Edson, Treasurer (3 yr. term expires 1943), Bureau of Plant Industry 
Station, Beltsville, Maryland. 

H. B. Humphrey, Editor-in-Chief of PHYTOPATHOLOGY (3 yr. term expires 
1945), Bureau of Plant Industry Station, Beltsville, Maryland. 

Councilors: 

J. G. Leach (term expires 1944), University of West Virginia, Morgantown, West 
Virginia. 

L. M. Hutchins (term expires 1943), Bureau of Plant Industry Station, Beltsville, 
Maryland. 

H. A. Rodenhiser (term expires 1943), Bureau of Plant Industry Station, Beltsville, 
Maryland. 

O. C. Boyd (New England Division), Massachusetts State College, Amherst, Massa- 
chusetts. 

G. A. Huber (Pacific Division), Western Washington Experiment Station, Puyallup, 
Washington. 

A. G. Plakidas (Southern Division), Louisiana State University, University, 
Louisiana. 

Representatives: 

A.A.A.S. Council, L. M. Hutchins, J. G. Leach. 

Division of Biology and Agricidture, National Uesearch Council. J. 0. Walker (3 
yr. term expires June 30, 1946). 

Tropical Besearch Foundation. Egbert D. Bands (5 yr. term expires 1945), 

Board of Editors, American Journal of Botany. G. W. Keitt (3 yr, term expires 
1943). 

Union of American Biological Societies {and Biological Abstracts) . C. W. Bennett, 
Donald Folsom, G. W. Keitt, L. M. Massey j H. B. Humphrey and C. C. 
Allison (ex officio). F. V. Rand, Chm. 

Standing Committees: 

Donations and Legacies. J. G. Brown, N. J. Giddings, E. C. Stakman, N. Pi. 
Stevens, R. P. White, Chm. 
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Extemion WorJc and Belations. S. B. Penne, R. J. Haskell, G W Keitt p it 
B uRKE%h>r W’. B. Tisdale? 0 . B. 

Investtmnts. Charles Brooks, Marvin E. Poy'ler, ,T. W. Roberts, H. A. Edson 
Neerologi/. M. B. Waite, A. G. Johnson, Clim. 

PhijtopMwlogical Classics. H. H. Whetzel, Mgr., H. B. Humphrey Pditn,- 
Pubhc I^laUons. L. M. Blank, O. C. Boyd,’k.‘starr Chester J J.’ Chrktensen 
J- H. Jensen, Prank McWhorter A. 6 Neyh-iall T a’ 
PiNCKARD Luther Shaw, G. H. Stare, C. E. Yaewood, G P Webb?^ Ch 

Segnlalory Work and Foreign Plant Diseases. J, P. Adams, A A BiTANconRrn 

”■ “■■■■"■»■ ="• ■* "■™”. “■ »=' 

Special Committees: 

in Cereal and Vegetable S C. H Arndt H T 

Cook f. j. Greaney, C. M. Haenseler, K. W. Kreitlow L B LeIch T’lt' 

O, i„ MoK™, P, p. p.i., H. A. 

''“Ta!1’SS?c,S,,*'^ ”• «■ 1. z™! 

International Cooperation and Reorganisation. C. W. Bennett J T CwRTsrrT-MC! 
Charles Chupp J a STPVTrwQ!nxT t n -xxr, j. j. Christensen, 

ZAUMEYER, l! m: Hutchins Chm ’ ^^iss, W. J. 

A ommelatiire and Clas.sifieatwn ’of Plant riru.se.s. C W Bennett P w 

mSSv"?’"*' ”■ “■ "™-. F.™!; w™,Th: 

Puhlication of Monographs. H S Fawcett F 'n *ppn^r^rT^ t tt 

Leonian, T. P. Manns, Max Gardner; ciim.' ' ®- Heslee, L. H. 

^tandaulization of Fungicidal Tests. J. G. Horsfall F w t t ttt 

.^OBERis, C. F. Taylor, H. W. Thurston, J. D. Wilson, 8. E.^A. McCallan’ 

P- of Teebnieal Words. Jessie 
cZmiilZ) . J- Leach, Acting Ohm., R. P. White (Executive 

Temporarary Committees for 1942 : 

Auditing. E. I). Bands, Carl Hartley Clim 

MesoluUons. N. E. Stevens, W. G. Sto’vee, i. E. Dimond, Chm. 

OmcERS, REPRESENTATIVES, AND COMMITTEES FOR 1942 

totaled 1118° At thf°thneTou?CotdrSeeti membership of our Society 

was 1085. Tins makes a net loss of 33 inemhpv^! Febuiai} 1^, 1943, the membership 
February 12, 1943, 66 individuals aoDl^7?° during the period January 1, 1942, to 
meeting at Columbus, Ohio, Pebruary^o all Council, 

Six former members have be^n rein4atp/^^^^ Society. ’ 

bers: 28 by resignation, 4 by death and*?^ susDendld°f®°°'°*^ 104’ mem- 

1 w suspended, 5 were from South Ameriei i n nonpayment of dues. Of the 
countrie.s. Of the full membership IsT’ar? other foreign 

llO.lbl a year tow.a.rd life mmbersMp^ members, and 1 is paying 

reinstated by notifying^ the"secretary 'and Daviif''°6 suspended members may be 
members should bo adiled of S aS ‘^11 trsfeb year. PoLer 

tions on hanS imwTnf in°194Tlnd''rsr'f?''''®? There are 54 appliea- 
icmovod from the Ageney because of *siisDeiisio^ fi’^^ Scweral applications were 

(lues. One hundred fifteen applications of 40 m,H, i“ •*!® Loeiety for nonpayment of 
wlio reciue.sted applications Three Pathologists were sent to 21 employers 

tiirougl, the Cle/iring A^y. ” reported they were hired by contaTmade 
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Eeport of the Treasurer. Statement of accoimts for the year ending November 30, 


Receipts: 

Balance from 1941 ; $2569.47 

Annual dues : 

1941 $ 34.50 ($10.00, life) 

1942 2592.07 ( 10.00, life) 

1943 1674.75 ( 10.00, life) 

1944 1.00 $4302.32 

Donations from members for foreign subscriptions 20.00 

Balance from A. P, S. dinner in Dallas 21.75 

Index payments included in checks for dues 206.00 

Sales 2.20 

Excess illustrations 9.08 


Total receipts 


$7130,82 


Bxpendii'iires : 

Member subscriptions transferred to PHYTOPATHOLOGY : 

1941 $ 23.50 

1942 ; 3701.16 $3724.( 

Transferred to PHYTOPATHOLOGY for : 

30-Year Index 263.00 

Donations for foreign subscriptions 20.00 

Sales 2.20 

Excess illustrations 9.08 $ 294. J 

Secretarial work and expenses of office of Secretary 409.1 

Secretarial work for Treasurer 329.1 

Printing 189.' 


Stamps and envelopes 

Typewriter and supplies 

Entertainment, dinner in Dallas 

Checks returned by bank 

Miscellaneous: express, telegram, etc. 


Total expenditures 
Balance on hand 


5166.54 

1964.28 


$7130.82 

Sinking Fund. The Sinking Fund, the income from which is used for the support 
of PHYTOPATHOLOGY, has been obtained by deducting $5.00 from each life- 
sustaining membership installment. All life-sustaining members have paid in full 
except for one in Italy who, of course, will be unable to complete his payments for the 
present. The fund totaled $9661.00 at the close of 1941. During the year it increased to 
$9676.00 and is invested as follows: 

First mortgage notes deposited with the McLachlen Banking Corporation for 

collection ($1000.00 at 6%, $500.00 at 5%) $1500.00 

Invested with the following building and loan associations: 

Arlington and Fairfax Bldg, and Loan, 4% 1000.00 

Columbia Permanent Bldg. Association, 4% 500.00 

District Bldg, and Loan Association, 4% 1500.00 

National Permanent Bldg. Association, 4i% . . 2000.00 

Northwestern Fed. Savings and Loan Association, 3i% . . 2000.00 

Perpetual Bldg. Association, 4% 1000.00 

Prudential Bldg. Association, 3|% (accrued interest, $8.87) 184,87 


Less interest due PHYTOPATHOLOGY 


9684.87 

8.87 

$9676.00 


The Lyman Memorial Fund, obtained from voluntary contributions, now totals 
$3132.57. The whole amount is invested with the Brookland Building and Loan Associ- 
ation at 3i%. The account for 1942 follows : 



416 


Ppiytopathology 


[VoL. 33 


Balance on Iiand, December 15, 1941 

Dividends, Dec. 31, 1941, and June 30, 1942 

Contributions from members 

Sales of Erwin E. Smith Memoir 


Accrued dividends transferred to PHYTOPATHOLOGY, Aug., 1942 


- $3181.53 
••• 112.02 
0.25 
5.00 

3298.80 
•• 166.23 

$3132.57 

Report of the Business Manager of PHYTOPATHOLOG-Y. At the close of 
there were 584 nonmember subscribers, including 6 complimentary. In 1942 there werf 
-.1 cancellations and 186 suspensions for nonpayment, a loss of 207. As there wei>P 
only .38 new or restored subscriptions, a net loss of 168 resulted. The domestic Ikt 
remained the same, the number of Pan American subscribers showed a slight 

European area and 89 in the Pacific war zone ^reduced ?uT 
-n ” 0 ““eraber subscribers to 416, the lowest since 1925. This lot S 
subscribers, however, has been partly offset by the purchase by the American Library 

ta.““ rmTOPATHoloOT t.rT.te.'iSS 

Statement of accounts for the year ending November 30, 1942, 

Jx,6C6%‘pt)S * 

Balance from 1941 . 

Subscriptions; ^ 5903.33 

1941 

1942 

1943 

1944 

Member subscriptions : 

1941 

1942 

Sales of back numbers 


: 24.00 
1993.91 
323.75 

5.50 $2347.16 


23.50 

3701.16 


, , , (including orders for current 

and back numbers reserved for American Librarv 

Association) 

Advertising: 

I 942 134.85 

so-Tea^As^::::::— :i— zizz:z:::i 

Interest on Sinking Fund 

First ^ mortgages gg qq 

Building and Loan (current and earlier years) ...... 525.07 

Grant from Rockefeller Institute 

Interest on current funds (current and accrued) 

Interest on Lyman Fund (current and accrued) 

Allowance on reprints 

From authors for excess iSustrations * 

Payment for article published in July issue 

Payment for reprints 

Drafts and cheeks redeposited .... " 

Payment for Smith Memoir IZIIIZIZZ 

Total receipts 


3724.66 


1032.53 


818.91 

1013.03 


610.07 

600.00 

415.80 

166.23 

591.04 

158.25 

92.91 

26.72 

16.50 

0.50 


E.vpenditures : 

storing PHYTOPATHOLOGY- 

Vol. AZXI, No. 11 $688.58* ‘ 

No. 12 and Index 851.52 


11609.31 

$17512.64 


Tol. XXXII, No. 1 


864.20 


? 671.44 


No. 3 
No. 4 
No. 5 
No. 6 
No. 7 
No. . 8 
No. 9 
No. 10 


637.04 

776.01 

703.59 

843.59 
799.84 
703.75 

761.02 

681.04 $8981.62 
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Postage, PHYTOPATHOLOGY 370.84 $9352.46 

Secretarial work and office expenses, Editor in Chief 330.87 

Secretarial work for Business Manager 310.00 

Secretarial work for Advertising Manager 44.25 

Stamps and stamped envelopes , 42.96 

Supplies 14.69 

Printing . 38.63 

Postage on 30-Year Index (part) 8.18 

Transferred to other accounts : 

E. P. Smith Memoir 0.50 

Science Press, for reprints 26.72 27.22 

Refund, subscriptions 25.50 

Checks returned by bank 16.50 

Withdrawn from Building and Loan (current funds) for deposit 

in checking account . 248.16 

Purchase of early numbers for resale . 32.50 

Insurance on back volumes . 10.04 

Telegrams . 0.59 

Total expenditures 

Balance on hand: 

Checking account $2510.09 

Northwestern Ped. Savings and Loan Assoc 4500.00 


$10502.55 


■ Total cost, $791.13, less $102.55 paid for article by author. 


$17512.64 


The 30-Year Index. In September, 1941, an edition of 1000 copies was printed. 
Six hundred and fifty copies have been mailed in response to orders, while 14 copies are 
being held for future shipment to members and subscribers in occupied or enemy 
countries. This leaves available a stock of about 335 copies. A summary of receipts 
and expenses, included in financial reports elsewhere, follows: 

Beceipts: 

Sale of index, April, 1941~November, 1942 inclusive $3043.78 

Expenses: 

Honoraria to editor and collaborators $ 762.50 

Printing and distribution 2084.50 

Other expenses 356.55 $3203.55 

Accounts payable total $88.00. Against the deficit of $159.77 we have the 350 copies 
still stored at Science Press. 

H. A. Edson 

Beport of the Advertising Manager. There were 97 revenue-producing advertise- 
ments, occupying 61 pages and consisting of 34 full-page, 45 half -page, and 18 quarter- 
page insertions. During the year 1942, 14 commercial companies used our Journal as 
advertising medium. 

There were 22 nonrevenue-producing advertisements, occupying 12i pages and 
made up of notices regarding Phytopathological Classics, the Society Clearing Agency, 
the 30-Year Index, and a few others. 

Contracts in 1942 totaled $973.96. 

Kenneth J. Kadow was appointed Advertising Manager at the annual meeting 
held in Dallas in 1941, and carried on the work through November, 1942, when he 
resigned to take a position in South America. At the request of the Business Manager, 
I have since managed the advertising for PHYTOPATHOLOGY^ 

S. L. Hopperstead, 
Advertising Manager 

Report of the Editor in Chief. Volume 32 of PHYTOPATHOLOGY contains, 
exclusive of the index, 1100 pages of printed matter and illustrations classified as fol- 
lows: 120 articles, 46 notes, 4 reports of meetings, 8 book reviews, 137 abstracts, 233 
text figures, and 1 frontispiece. 

From December 11, 1941, to December 10, 1942, a total of 171 manuscripts of 
articles, notes, book reviews, and reports of Society meetings were submitted for publi- 
cation in PHYTOPATHOLOGY. Nine manuscripts were either recalled by their 
authors or returned to them as unsuitable for publication in our Journal. There are now 
in press 49 articles and 92 abstracts. Other manuscripts now on hand (Dec. 10) com- 
prise a total of 546 tyiDcwritten pages. It is estimated that enough manuscripts have 
been accepted and are now on file to fill about 720 pages of PHYTOPATHOLOGY. 
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At this time last year this figure stood at 770, a difference of 50 in favor of 1942. 
Ill December 1940 those accepted and awaiting publication were sufficient to fill 820 pages. 

Eepeated emphasis on the necessity of brevity and conciseness of statement in 
inamiseripts, greater care in the preparation of tabular matter, a more careful choice of 
and improvement in photographic and other illustrative material, and increased at- 
tention to accuracy in preparing citations to literature has borne appreciable fruit. 
These marked improvements have lessened considerably the amount of editorial work 
necessary to the preparation of manuscripts for the printer. 

The editor takes this opportunity to express his gratitude to members of the Editorial 
Board and others who from time to time have been called upon for assistance in ap- 
praising, constructively criticising, and otheiwdse improving certain manuscripts that 
seemed to call for such attention before we could finally decide on what disposition to 

make of them. _ 

Harry B. Humphrey 

Eeport of the Manager of Phytopathological Classics for the year 1942. I beg to 
submit herewith the annual report of my stewardship as manager of Phytopathological 
Classics : 

Report for the fiscal year beginning December 1, 1941 
and ending December 1, 1942 

Classics No. 1: On hand 12-1-41 65 

Sold during year 31 


On hand 12-1-42 

Classics No. 2: On hand 12-1-41 267 

Sold during year 33 


34 


On hand 12-1-42 
Classics No. 3: On hand 12-1-41 
Sold during year 


234 


362 

36 


On hand 12-1-42 ! 326 

Classics No. 4: On hand 12-1-41 425 

Sold during year 38 

On hand 12-1-41 387 

Classics No. 5: On hand 12-1-41 672 

Sold during year 46 


On hand 12-1-42 

Classics No. 6: On hand 12-1-41 793 

Sold during year 81 


626 


On hand 12-1-42 712 

Classics No. 7 : On hand 12-1-41 0 

On hand 3-1-42 1000 

Sold during year 221 

Gratis copies 17 


On hand 12-1-42 


762 


Heceipts: 

Cash balance on hand 12-1-41 $345.14 

Receipts during year 353.10 


Total 

Expenditures' : 

Postage 

Express 

Bank charges 

General Printing 

Classics #7 

Proof reading 


.24 


$ 14.00 
1.00 
.85 
21.00 
298.17 
4.50 


Total expimditures $339.52 


Balance on hand December 1, 1942 .... 
Due on accounts 12-1-42 


$358.72 
$ 13.00 
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Beport of tlie Necrology Committee. In 1942 there were three deaths within our 
membership as follows : 

Joseph Charles Arthue, April 30; 

M. Mitra, July 10; 

Arthur Lewis Pierstoepf, July 29. 

A. G. Johnson 
M. B. Waite 

Beport of the American Phytopathoiogical Society Committee on Biological Ab- 
stracts and the Union of American Biological Societies. During America’s first year 
in the war BIOLOGICAL ABSTBACTS has made a magnificent showing in spite of the 
progressively increasing difficulties stemming from the world catastrophe and involving 
such vital matters as war censorship ; reductions in the number of scientific periodicals, 
books, and reports from some parts of the world; falling off in subscriptions from the 
war-torn countries; and excessive turnovers in abstracters, section editors, and supple- 
mentary indexers. It is due only to the hard work and able leadership of Drs. Flynn and 
MacCreight as editors and Mr. Anderson as business manager, together with the full 
cooperation of a devoted staff and the backing of a sympathetic board of trustees, that 
so much has been done by so fe^v. 

As to subscriptions, a net gain over last year of some 46 to the complete and 86 to 
the original five sectional editions is reported for the United States. This indicates that 
Biological Abstracts is filling a real need here and testifies to the firmness of its endorse- 
ment by American biologists : this support is, indeed, very good but still not good enough 
when balanced against the rising costs of publication. Nevertheless, 1942 saw 23,437 
abstracts published on 2,377 pages of the ten regular abstract issues of volume 16, a not- 
able achievement in view of the problem of j)i’Ocuring abstracts, particularly of the Euro- 
pean literature, under present world conditions. In fact, the continued emphasis and 
effort towards a fuller abstracting of the biological literature of the world has led to a 
coverage of about 1700 periodicals in 1942 as compared with 1550 for the preceding 
year, and greater progress along these lines is hoped for in 1943. 

Other advances have included the establishment of a sixth section of Biological 
Abstracts, Section P — Abstracts of Animal Production and Veterinary Science, which 
began with January 1942. This new section is not only firmly established but yielded 
a small jirofit during the year of its birth. Furthermore, in response to "what appeared 
to be an active demand from many directions, the organization has undertaken during 
1942 the promulgation and preparation of a seventh sectional edition, Section G — Ab- 
stracts of Pood and Nutrition Eeseareh, publication of which begins with the issue of 
January 1943. These two sectional editions are simply rearrangements and repriiitings 
of abstracts also appearing in the complete as well as the original five sectional editions. 
In this way many biologists who were formerly untouched because there was no one 
section serving their interests have now been led to subscribe. 

During the course of the years Biological Abstracts has come to have the cooperation 
and collaboration of a very large majority of the active biologists of the United States 
and many thousands in other countries. The author-abstracting plan is in successful 
operation, for about 250 English language periodicals and has had the supplementary 
advantage of leading many biologists to volunteer abstracts of their own papers pub- 
lished elsewhere. Special collaborators (listed in the January 1943 issue), each assigned 
the abstracting of one or more periodicals, now number about 1,100 while over 2,000 
others are available for special assignments. There are 150 section editors. Subscrip- 
tions total about 3,000. Biological Abstracts has thus become not merely an abstracting 
journal, but a vast cooperative bibliographic and scientific undertaking, which is steadily 
developing into an instrument of greater scope and utility. 

As to the financial outlook, the picture is less bright but far from black. Although 
contributions from industrial concerns in 1942 amounted to $3,150 as compared "with 
$700 in 1941, the year ended with a deficit of about $6,000 which must be withdrawn 
from the very limited reserve funds. There is no assurance that this industrial support 
will continue. In order to deliver the type of service needed, at least $57,000 in total 
support for the year should be forthcoming. In view of current trends only about $37,000 
can be counted uxjon from subscriptions. Since this, even with an added $5,000 for the 
sale of advertising space, still falls short of the lowest estimated needs by $15,000 it is 
obvious that if standards and coverage are to be maintained, further substantial support 
from the biological societies, from interested industrial concerns, and from individual 
biologists generally is an essential desideratum. 

Subscriptions to Section D — Plant Sciences (which includes phytopathology and 10 
other subject divisions) numbered 335 in the United States during 1942, representing an 
increase of 23 over the preceding year. Even with the falling off in foreign subscrip- 
tions the Section has somewhat better than held its own. This indicates that it is per- 
forming a genuine service to plant science and is deserving of still greater suj)port. 
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For its most healthy advancement science looks well into what has gone before, and 
now, of all times in history, progress and more progress is the crying need. _ Here is the 
only instrument in current existence that serves the 'whole field of biological research. 
Biologists: You need Biological Abstracts and Biological Abstracts needs you! 

Frederick V. Band, Chairman 

Dec. 31, 1942. 

Report of the Society’s Representative on the Division of Biology and Agriculture, 
National Research Council. It was the major aim of the Division in 1942 to do every- 
thing in its power to assist scientists in the fields of biology and agriculture to render 
maxiniuin service to the war effort. Actions were taken in this direction at the annual 
meeting in Washington April 11, 1942, and conferences centering around wartime prob- 
lems were held under Division auspices at various times during the year. This report 
presents only activities that seem of interest to The American Phytopathological Society. 

At the annual meeting a proposal was made for a special committee to head up the 
wartime activities of the Division. In line with this, E. C. Stakman of this Society was 
asked to head a conference on Divisional war activities. This conference, attended by 19 
biologists, met on August 2. E. G. Stakman and J. G. Horsfall represented the War 
Emergency Committee of the Society. At this conference the danger of spread by 
enemv agents of destructive plant and animal pests was brought out. The possibility 
of serious injury to agricnltiire also was foreseen from any 'wartime curtailment of funds 
for insect-pest and plant-disease surveys or for plant-quarantine enforcement. A real 
liazard was visualized in the possibility of our armed forces bringing back home danger- 
ous parsites from various parts of the globe, particularly the Pacific area. The con- 
ference expressed itself in a motion urging the proper authorities to deal adequately -with 
such wartime problems of proteetion against foreign insect pests and plant diseases. In 
view of the need of the Nation for the services of biological and agricultural scientists in 
the war effort, the establishment of a permanent central committee of the Division was 
recommended to act as a clearing house for wartime activities. 

At the annual meeting of the Division a Crop Protection Committee was established. 
E. C. Stakman was appointed Chairman. With him J. G. Horsfall and J . G. Leach repre- 
sent The American Phytopathological Society, and J. L. Horsfall, and W. P. Flint repre- 
sent the American Association of Economic Entomologists, E. F. Phillips, ex-officio. This 
committee met on October 12 to consider activities of common interest to both profes- 
sional groups. In its program the committee decided to 'v^’’ork for 

(1) the more adequate accumulation of precise information in regard to national and 
regional plant-disease and insect-pest occurrence and damage as a basis for more effec- 
tive control programs ; 

(2) more adequate education of the general public in regard to the menace created 
by plant diseases and insect pests ; 

(3) more adequate summarization of important information on crop pests and dis- 
eases for the use of extension men and investigators; 

(4) the promotion of closer cooperation between entomologists and plant pathologists 
on a regional and j)rojeet basis; 

(5) closer cooperation between the two profesisonal groups in breeding crop varieties 
for combined resistance to insect pests and plant diseases; 

(6) needed programs for the suppression of important plant diseases and insects; 

(7) the wartime continuance of basic research in those fields where interruption 
'Would result in disservice to the Nation ; 

(8) Arrangements for the best possible services with respect to fungicides and 

insecticides. ■ ' ■ , 

At the annual meeting publication was announced of papers read at symposia held 
by the Committees on Genetics of Pathogenic Organisms and Aerobiology, respectively. 
Of wide value, these papers include material of phytopathological interest. 

The Committee on Maintenance of Pure Genetic Strains indicated that it felt itself 
under heavy responsibility because of difficulties created by 'war conditions '^diich might 
make it hard to preserve all of the needed pure strains of breeding stock. 

The discussions at the annual meeting disclosed a large interest in rendering aid to 
Latin- American Republics in the fields of biology and scientific agriculture. 

A National Research Council Fellowship was awarded to B. R. Houston, California 
Experiment Btation, Davis, member of the Society. 

Robert Griggs, Chairman of the Division, has been actively cooperating with 
others in working for proper recognition of the functions of professional biological and 
agricultural scientists in the war effort. In a statement on this subject, issued by the 
l>ivision, the protection of crops from diseases was listed among the essential eontribu- 
tions to the war effort which require servicing by technical men. Dr. Griggs also has 
initiat(‘d the discussion of ways and means for welding the biological scientists of the 
country into some sort of strong, coherent, and effective organization. 



1943] 


Eeport of the Annual Meeting 


421 


At tlie annual meeting H. T. Cook was suggested for membersliip on the Board of 
Governors of the Crop Protection Institute. After he was commissioned in the Navy, 
the Division suggested the name of S. E. A. McCallan in Ms place. 

Howard P. Barss 

January, 1943. 

Report of the Tropical Research Foundation. The Tropical Research Foundation 
is dissolved and the capital and properties of the Foundation will be disposed of. 

R. D. Rands 

Report of the Committee on Donations and Legacies for the Year, 1942. This com- 
mittee has been largely inactive during the year due to the fact that its chairman was 
unable to attend the Dallas meeting and receive instructions from the Council as to the 
goal of the committee. The chairman originally and early proposed raising funds for 
the Endowment Fund through the agency of war bonds and stamps, but funds did not 
seem to be available for underwriting the effort. Late in the fall a letter was prepared 
to go to our membership calling attention to the opportunity of supporting both the 
War Effort and the association through the agency of War Bonds and Stamps. Due to 
the cancelation of the December meeting in New York this appeal was not sent. 

It is suggested to the incoming committee that a real drive be made as proposed in 
1943, with the Council appropriating a sum sufficient to underwrite the cost of printing 
and maintenance, not to exceed $100. 

Respectfully submitted, 

Richard P. White, Chairman 

Report of the Extension Work and Relations Committee. During 1942 the com- 
mittee prepared a program for the annual conference sponsored by this group. It was 
proposed to discuss ^‘What Should Our Major Plant Disease Control Objectives be in 
1943?^^ Due to the postponement of the wunter meetings of the Society, the conference 
was cancelled. 

The Extension Subcommittee of the War Emergency Committee of The American 
Phytopathological Society, selected from the Extension Work and Relations Committee, 
has used the latter in the furtherance of certain of its projects, i.e., the members were 
consulted with and contributed to a questionnaire sent to heads of departments of plant 
pathology throughout the United States. The resulting information will appear in the 
report of the War Committee. 

R. J. Haskell, G. W. Keitt, R. H. Porter, Otto Reinkino,, R. O. Rose, 

D. R. Sands, W. B. Tisdale, S. B. Fenne, O. D. Burke, Chairman 

Report of the Public Relations Committee for 1942. During the past year the 
activities of this committee have been guided by the findings of the Committee of 10, 
which originally reported (Phytopath. 30: 368. 1940) proposed policies and functions. 

Each number of the Journal has been carefully worked over by one or more members of 
the Committee. New^s-worthy articles have been popularized and disseminated to news 
writers and certain local publishers with release dates corresponding approximately with 
the issue of that number. 

There has not been evolved a method by wliich the effectiveness of the "work of the 
Committee can be measured. The personnel of this Committee has been increased and 
changes are anticipated since it was not selected on a basis of individual interpretation 
ability. The pathologists who have the writing ability to bridge the gap between the 
investigator and the layman belong on this Committee ; their aid is solicited. Direction, 
assignments, instruction, organization, complete and prompt responsibility, willing and 
enthusiastic cooperation, suggestions and constructive criticism dominate the internal 
activities of the Committee. Liberal and accurate interpretation of original research 
with full credit has been the principal guide. Certain indications point toward a more 
inclusive coverage of the United States by including among the disseminating agencies 
certain newspapers and magazines located in the different parts of the country. The 
National Association of Science Writers are almost without exception located in the East. 

The Committee wishes to recognize the cooperation and sincerely thank the science 
writers, publishers, officers of the Society and others who have materially aided in accom- 
plishing the work of the Committee during the year. 

J. A. Pinckard, Luther Shaw, J. PI. Jensen, G. E. Yarwood, 

J. J. Christensen, F. P. McWhorter, O. C. Boyd, K. S. Chester, P. A. Young, 

A. G. Newhall, G. H. Starr, C. T. Gregory, G. F. Weber, Chairman 

Report of Temporary Committee on Recognition of Merit. In accordance with the 
Society's request, the President appointed this committee as a * temporary committee to 
study the matter of some form of recognition for outstanding papers presented before 
our Society, and that the papers be considered for the A.A.A.S. prize.’' 
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After studying the two phases of this assignment, your committee is impressed with 
the diffic ulties of appraising and evaluating contributions, especially on short notice. 
It is our opinion that any procedure for making awards that requires hurried action would 
be ill-advised. For example, it does not seem practical, for several reasons, to evaluate 
abstracts prior to presentation for recognition during the meetings at w^hich they are 
presented. It would seem much more feasible to give recognition to one or more papers 
eacli rcQUCsting tli6 autlior to develop liis subject turtliei aiid make a more com- 

plete presentation in the form of an invitation paper the following year. This in itself 
would constitute a recognition of merit and ivould give time for deliberate judgment as 
to wlietlier one of these papers might warrant consideration foi the A.A.A.S. prize. 

To initiate, develop, and carry out some such program it is recommended that a com- 
mittee be formed that shall consist each year of the last five past presidents of the Soci- 
ety, the ehairman being the earliest presidential incumbent in the group, for example, 
li. W. Anderson would serve as chairman in 1943. 

It is further recommended that the framework within w^hieh such a committee is asked 
to function be broad enough to allow for changes in the procedure as the committee gains 

experience along these lines. ^ ^ ^ ^ 

G. H. Coons, H. S. Tawcett, J. G. Leach, G. L. Peltier, 

H. S. Beed, W. L. Valleau, E. B. Lambert, Chairman 

Beport of the Committee on Regulatory Work and Foreign Plant Diseases. In 

accordance with the proposal approved at the Dallas meeting in 1941, a questionnaire 
was prepared by vour committee and submitted to a considerable group of members of 

the Society especially in touch with various phases of virus disease activities, calling 

attention to the quarantine aspect of the virus problem as presented by Mr. S. A. Bohwer 
at Dallas and requesting an expression of opinion on two points. 

(1) Which of the courses listed below most nearly represents the attitude you think should 
be adopted in our national plant quanantine policy toward foreign virus diseases? 
(The categories are merely suggestive. Your vie-vvs and comments in any form will 
be helpful.) 

A. The exclusion of foreign virus diseases is regarded as impracticable and should 
not be attempted. 

B. Efforts should be made to exclude some or a few virus diseases of definitely in- 
jurious type and the rest should be disregarded. 

0. We should aim to protect our important crops against the introduction of foreign 
virus diseases. 

D. The proper course is to exclude all foreign virus diseases, to the extent that this 
can be done without undue disturbance to healthy agricultural development. 

E. We should endeavor to exclude all foreign virus diseases, by every means in our 
power, up to the limit of public tolerance. 

(2) Keeping in mind the two types of quarantine action mentioned by Mr. S. A. Bohwer, 
can you propose any specific plant, plant group, or virus complex for which quaran- 
tine action involving either host exclusion or entry under observation, or both, would 
he justifiable? 

This questionnaire was sent out April 28, 1942, to 94 members, from whom 19 replies 
were received. In the first question as to the most desirable national plant quarantine 
policy toward foreign virus diseases one failed to consider this point and three included 
two items in the answer. The general summation favors; A, 3; B, 4; C, 5; D, 5; and 
B, 3. It is thus evident that there was no unanimity of viewpoint on this question and 
even no obvious trend of oj)inion which might be helpful to the plant quarantine authori- 
ties. 

Answers to the second portion of the inquiry were even less complete. Of the 19 
replies 3 of the four who touched on it made tentative or exploratory suggestions rather 
than specific recommendations. Only one of the replies presented anything which could 
be construed as a recommendation for action, this relating to stone fruits. Others sug- 
gested for quarantine consideration w'ere corn, cotton, wheat, truck crops from south of 
the equator, soy beans, and peanuts. While the net outcome of this inquiry was some- 
what disappointing in its tangible results, there was no question of interest and sincerity 
in the replies, and of the desire of the writers to give the subject helpful consideration. 

As an index to the varied trends of thought expressed in these replies, the following 
summary prcisents something of the several points of view brought out: 

In 8 cases quarantine diffieulties were foreseen in regard to symptomless hosts, 
unknown iiost range, and multiplicity of hosts, often with different symptoms ; the neces- 
sity of more energetic study of foreign virus conditions wtis stressed by 6; two believed 
a clearing up of our knowledge of the domestic virus situation through plant disease sur- 
vey activity is a valuable preliminary to attacking the foreign problem; the ineffective- 
ness of port inspection methods was touched on by 3 ; the value of domestic control and 
eradication raeasurea was regarded as high by 3; two called attention to the importance 


1943] 


Keport of the Annual Meeting 


423 


of excluding foreign insect vectors; tAvo others dealt Avith the possible factor of virus 
strains; three saAV merit in the proposal to hold certain imported plant materials under 
detention until their health could be assured; three suggested consideration of foreign 
certification as a useful if not alw^ays satisfactory procedure; in 5 replies comment Avas 
made on the national quarantine administration to the effect that present quarantine 
measures A\"ere ineffective for virus diseases, that plant disease activities Avere not given 
sufficient consideration, and that its policy should be dynamic rather than static. 

IndiAudual comments brought out the following additional vieAA^oints: 

There seems to be no need for a special policy on Aurus diseases apart from other dis- 
eases; the Avorld’s virus diseases appear to be already fairly Avell distributed; the possible 
importance of a foreign virus disease here is unpredictable ; breeding programs for resis- 
tance to virus diseases should be extended; delay in introduction of foreign viruses is 
valuable in giving time for the development of control measures; bringing in foreign 
viruses for experimental purposes is objectionable; some reliance should be placed on 
cooperation with foreign countries in the virus problem; it is suspected that straAvberry 
and raspberry diseases have been introduced in plant importations. 

A. A. Bitancourt, A. B. Buchholz, S. J. P. Chilton, F. L. Drayton, 

M. R. Harris, W. A. McCubbin, Chairman 

Report of the Committee for Coordination of Research in Cereal and Vegetable 
Seed Treatments. During the past year this committee has carried on coordinated seed 
treatment programs with the vegetable crops, cotton, and the small grains including dax. 
The nature and extent of these programs is reported by the chairmen of the respective sub- 
committees. 

Vegetable Seed Treatments. In 1942, the subcommittee on coordination of re- 
search on vegetable seed treatments, conducted a series of uniform seed treatment tests 
with some 30 cooperators in the United States and Canada. Tests AA^ere made AAuth peas 
(George L. McNcav), spinach (Harold T. Cook and Richard P. Porter), tomato (L. D. 
Leach), Lima beans (J. 0. Walker and W. W. Hare), Irish potatoes (C. N. Clayton), corn 
(0. M. Haenseler) and lettuce (C. M. Haenseler). The seed Avas treated by the leader 
for each crop (except tomatoes and' potatoes) and distributed to interested cooperators, 
AA"ho conducted replicated tests, and reported results to the leader. Complete mimeo- 
graphed reports of these tests haA^e been or are being prepared by the various leaders 
and will be distributed to those interested. 

There seems to be groAving interest in the work on vegetable seed treatments. Thirty- 
nine cooperators have expressed enthusiasm for the committee ’s Avork, and have requested 
seed samples for trials in 1943. These 39 people have expressed an interest in 19 crops 
and have requested a total of 207 tests. It is intended that the program should be con- 
tinued with emphasis upon three war-time objectives: (1) determination of minimum 
effective dosages for preferred treatments and at least one substitute, nonmetallic com- 
pound; (2) location of suitable substitutes among the organic fungicides; and (3) 
evaluation of secondary substitutes that can be used for emergency adjustments that 
may be necessary for the 1944 season. 

It is anticipated that tests will be made with sweet corn, peas, Lima beans, soy beans, 
spinach, beets and tomatoes, and Irish potatoes and possibly peanuts. 

George L, McNeav, Chairman Subcommittee on Vegetables 

Cotton Seed Treatments. Cooperative plantings to evaluate various treatments of 
cotton seed Avere conducted in 8 States in 1942 under the supervision of the Cotton Seed- 
ling Disease Committee of the Cotton Disease Council. The treatments included: (a) 
various kinds of seed; viz., fuzzy, two degrees of reginning, and aeid-delinting and 
(b) sixteen different chemicals and combinations of these chemicals. A mimeographed 
summary is in preparation and will be distributed to those interested. A special study 
of the feasibility of reducing the recommended rates of application of Ceresan has been 
made by R. Weindling in order to determine the possibility of securing the maximal 
control of seedling diseases with our limited supply of mercury. 

C. H. Arndt, Chairman Subcommittee on Cbtton 

Seed Treatments of Small Grains and Flax. Cooperative trials with wheat, oats, 
barley, and flax were carried out at 13 stations located in nine Northern States and three 
Canadian Provinces. Yield tests were made using two seed lots of each of these crops 
and standard and reduced doses of Ngav Improved Ceresan. Comparisons were made with 
check plots and in the case of wheat with copper carbonate treated plots. An emergence 
of seedling-blight control test, using the same seed lots as in the yield tests, was made in 
which six treatments were compared. In a third series of tests, eight treatments were 
compared as to their ability to control smuts of wheat, oats, and barley and barley stripe. 
A mimeographed report of this work is being prepared for distribution. 
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While reduced facilities at many experiment stations may necessitate the elimination 
of the yield test it seems desirable to continue the emergence and pnut-control tests for 
extensive testing of new organic compounds and ^ ‘ substitute ^ ^ fungicides. 

M. B. Moore, Chairman Subcommittee on Cereals 

Other AcUvUies. Efforts have been made looking toward the organization of seed 
treatment programs for forage and pasture crops, small grains and sorghum in the 
Southern States, and corn in the northern and central parts of the Corn Belt. J. Harvey 
McLaughlin has organized a group for the testing of corn seed treatments in the Southern 
States and has kindly agreed to associate his group with this committee. 

M. B. Moore, General Chairman 

Report of the Committee on Nomenclature and Classification of Plant Viruses. In 

1941 the Committee expressed approval of the designation of |)lant viruses by a system 
of Latin binomials similar to that used for scientific naming of plants. This year discus- 
sions have centered around the choice of a system of naming and around the various sys- 
tems of classification that have been proposed. The Committee favors (Johnson op- 
posed) the use of the Liimean binomial system of nomenclature for plant viruses. A 
tentative classification based principally on induced symptoms and means of transmis- 
sion, and consisting of one family and five genera, has been accepted by a majority of 
the Committee. However, further consultation with other virus specialists is desired 
before details of the system are completed and prepared for presentation. 

Further progress has been made on the compilation of synonyms and descriptions of 
tlie viruses affecting the different groups of crop plants. Tentative plans for the publica- 
tion of these descriptions and lists of synonyms have been formulated. 

Eubanks Carsner, F. 0. Holmes, James Johnson, H. H. McKinney, 

H. H. Thornberry, Freeman Weiss, C. W. Bennett, Chairman 

Report of the Committee on Standardization of Fungicidal Tests. In continuation 
of its policy (as outlined in ]n*evious reports) of developing standardized methods for 
testing fungicides in the laboratory and field, your Committee wishes to report that three 
methods are now in a state suitable for publication. These methods are : 

1. Definitions of fungicide terms. 

2. The slide-germination method of evaluating protectant fungicides. 

3. Standard laboratory Bordeaux mixture. 

All metliods have been extensively revised since their first appearance as mimeo- 
graphed ^‘Tentative Methods.” The first method or ^ ' definitions ” in particular has 
])een subject to considerable thought, modification, and revisions. It has been evolved 
from the constructive criticisms of at least 30 pathologists from 15 different laboratories. 
The second and third methods include the findings of the recent and extensive research on 
the subject. It is believed that the three methods will be of assistance as a guide or 
standard in the testing of fungicides. Accordingly, your Committee recommends that 
the procedures be published in PHYTOPATHOLOGY under their authorship as ^ ^ Recom- 
mended Methods.” 

Two tentative methods are being revised for publication as recommended methods. 
They are: 

4. Tentative standardized laboratory and greenhouse procedure for testing the rela- 
tive fungicidal efficiency of chemical dusts in the control of certain cereal smuts. 

5. Tentative recommendations on standard spray nomenclature. This will include 
Part I — Apples and Peaches, and Part II — Pears and Cherries. 

In addition there are in preparation two new tentative methods as follows : 

6. Tentative method for testing vegetable seed protectants. 

7. Tentative method for testing orchard fungicides. 

The Committee would appreciate suggestions regarding new procedures suitable for 
standardization, as well as criticisms relative to the revision of methods 4 and 5. 

Mimeographed copies of the various Recommended ” or Tentative Methods” may 
be obtained from the Committee Chairman, Boyce Thompson Institute, Yonkers, New 
York. 

J. G. Horsfall, K. J. Kadow, R. W. Leitkel, J. W. Roberts, 

C. F. Taylor, J. D. Wilson, S. E. A. McCallan, Chairman 

Annual Report of American Phytopathological Society War Committee. The 

formation of the committee was authorized at the Dallas meetings of the Society. There 
was fairly general unanimity regarding the general scheme of organization, which is 
liased on recognition of the fact that there are regional problems and some of general 
concern. It seemed wise therefore to organize regional groups, taking advantage insofar 
as possible of existing divisions of the society, such as the Pacific Coast Division, the 
Southern Division and the New England Division. A special committee of pathologists 
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in the Upper Mississippi Valley had already been established under the chairmanship of 
I. E. Melhus. This group was already functioning well and seemed to furnish a good 
pattern for other similar groups. Accordingly, regional groups were organized or recog- 
nized as follows: New England, Middle Atlantic, Southern, Upper Mississippi Valley, 
and Pacific Coast. The Canadian Society was recognized, of course, as a coordinate 
group. The chairman of the divisions or regional chairmen were recognized as repre- 
senting those groups on the general committee. 

All committees have functioned actively. Obviously, however, some of them are of 
such nature as to permit quicker action than others. 

The committees on Quarantines and Plant Disease Survey have been active and have 
tried to promote action designed to protect the country against the possible introduction 
of foreign pathogens or exceptionally virulent races of pathogens. 

The committee on Extension canvassed the situation with respect to extension facili- 
ties in the various states and has attempted to improve the situation where there are not 
enough extension pathologists. 

The committee on Seed Certification has accumulated data regarding seed certifica- 
tion and has sponsored a plan for the requirement of seed treatment for certified seed. 

The Fungicide committee has obtained information regarding the availability of 
fungicides, spray machinery, and other pertinent data with respect to the control of 
plant diseases by chemical means. In addition, members of the committee have done con- 
siderable research on possible substitute fungicides and on the minimum effective dose of 
well-known fungicides, and have disseminated the information in various ways. 

The chairman of each committee made a monthly report, which was sent to all the 
committee members, including regional representatives, who in turn transmitted this 
information to so-called key men in each State in their region. 

Some of the regional groups have functioned extraordinarily 'well. For example, the 
Upper Mississippi Valley group has held several meetings; has prepared summaries of 
plant disease situations; has made further provision for summarized information regard- 
ing the control of the most important diseases, with a view to uniformity in recommenda- 
tions, insofar as possible; and has been generally active in bringing about greater 
coordination of effort, not only in research, but also in the dissemination of information 
regarding control measures. The Middle Atlantic group has prepared a list of diseases 
and control measures for that area which has been mimeographed for general distribution 
within the area. The Southern group has issued several mimeographed circulars on the 
control of important diseases. 

In general, these regional groups have been very effective in improving the situation 
with respect to disease control. Although their work has not been spectacular, they have 
succeeded in bringing about cooperation and coordinated effort within the region. The 
activities of these groups are fundamental to the effectiveness of the entire organization, 
and it would be remiss not to commend them for the work that has been done. 

On of the most critical situations has been that with respect to manpower. Possibly 
the situation has been alleviated somewhat through the recognition by the Manpower Com- 
mission of the essential nature of the work of ‘ ' agricultural scientists.’^ Because the 
importance of plant products now is recognized more than it was at the beginning of the 
war, it seems likely that the need of well-trained pathologists and the need of replace- 
ments will be more clearly recognized in future than it has been in the past ; at least there 
are indications that this is true. The chairman of the committee has exerted considerable 
effort to bring about alleviation of the situation with respect to personnel in plant pyathol- 
ogy. The situation could easily become more critical than it now is, however, and efforts 
will be continued to bring about official recognition of the need of present plant pathol- 
ogists and of potential replacements. Because of the provisions of the Selective Service 
Law, progress along these lines is not so rapid as might be wished ; nevertheless, some 
progress has been made, unfortunately, however, only after too many men already have 
]3een lost. 

During the past year, relatively little emphasis has been placed on publicity. It 
seemed desirable to accomplish something first. The time has come, however, wheii gen- 
eral, regional, and local publicity is highly important. The American people and those 
in authority owe it to the nation to recognize the importance of maintaining plant public 
health; and we owe it to the nation to furnish the information. 

In addition, it is of the utmost importance to diffuse as widely and as promptly as 
possible pertinent information regarding plant disease situations and methods of control. 
Steps have been taken to attain these ends. 

The work of the committee during the past year is an indication of what can be 
accomplished, now that the organization has had experience and has attained some coher- 
ence. There is every reason to believe the committee can function much more effectively 
in the ensuing year than it has during the past year. Although there have been many 
discouragements, pathologists have a highly essential national service to render; and, 
despite any resistance or apathy that may be encountered, we must exert every effort of 
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wliieli we are capable in attempting to attain objectives we know to be in tlie best interests 
of tlie country. And not the least of these is increased effort to promote preventive plant 
disease measures, not only for the present, but also to safeguard the future. 

E. C. Stakman, Chairman 


Report of the Auditing Committee, American Phytopathological Society, as of 
December 1, 1942. We have examined the books and find them correct, with entries com- 
pletely supported by vouchers. We wish to congratulate the Business Manager and Mrs 
Meier on the clear presentation they have given of the financial transactions. 

R. D. Rands 
Carl Hartley 

Resolutions of the Committee on Resolutions. RESOLVED that the Society ex- 
press to the management and staff of the Deshler-Wallick Hotel and especially to^ Mr. 
Tom A. Sahrey and Miss Martha Obetz its sincere appreciation for the courtesy ex- 
tended to our membership and for cooperation in providing the officers and committees 
with excellent accommodations for conducting business. 

RESOIjVED that the Society express its appreciation to C. C. Allison, Secretary for 
his continued efficient seryiee to the Society under unusual and trying conditions. ^ 
RESOLVED that this Society express its sincere appreciation of the work of the 
officers and committees in promoting the interests of the Society throughout the year and 
especially to the War Committee for its efforts in promoting the agricultural interests of 
the countiy. 

Respectfully submitted, 

Neil Stevens 
W. G. Stover 

Albert E. Dimond, Chairman 

Elections. A sp^ial committee was appointed by President L. M. Hutchins to 
canvass the ballots, a he ballots were opened and canvassed on December 26 bv this 
conumt^^^^^ report of which is given on page 84 of the January issue of PHYTO- 
X A 1 HULOCt Jt. . 

SLxty-six applications for membership to The American Phytopathological Soeietv 
were received from January 1, 1942 to February 12, 1943. The Council electeTaU 
applicants as members of the Society. 

_ Reports of Officers. Representatives and Oonunittees. The reports for the year 
1942 a.s presented on the previous pages, were read and accepted bv the Council 
„ Appointments and Business Actions. The Council accepted the resignation of 
H. E. Humphrey a.s Editor-m-Chief of PHYTOPATHOLOGY, whose term was to exnire 
December 81, 1943. The Council reappointed H. B. Humphrey as Editor-in-Chief of 
Phytopathology for a pmod of three years beginning January 1, 1943. J. M. Hamilton 

PATHOLOGY for'l94f.” as assistant business manager of PHYTO- 

and 1944' appointed as representative to the A.A.A.8. Council for 1943 

Ij. M. Massey for the period 1943 through 1947 and Pnianw. • -i 

of BMogfcTsciS!'"'^®'^ appointment of a representative to the International Union 

Coordinationy“cS and VegItabteVel?TreItoTnTEM^^^^^^^ committee on 

Nomenekiufe committee on Fungus 


1943 ] 


Report of the Annual Meeting 


427 


"• -- appointed to the 

ManageVS^Er/opS^^^^^^^^ of H. H. Whet.el, 

■^- committee on Nomenclature and Classili- 

cation of Plant Viruses. H H. McKinney was appointed chairman of this eommittee 
The Council approved the report of the temporary eommittee on EecoSn of 
Merit and made this a standing committee noth the understanding that the meXrshin 

H. Tliurston Wfts &,ppoiiitGd. to tlio special comiriittGG nTi SfG-n/inv/Tiwnf « £ 

Fungicidal Tests. The Council recommended that the three proeedures^Ssteloped bv 

T^&OT Sov ® Standardization of Fungicidal Tests be pubUshed in PHYTOPA- 
THOLOG-Y as ^ ^ recommended methods. ^ ^ ^ j- -ti ^ j. 'wfirii 

of the Council the policy is established that all articles or abstrq/’fc! 
oepted tor publication m PHYTOPATHOLOGY, or official reports of committees of the 
Society, eontaming ‘trade’ or ‘code’ names of pesticides, must divulge in the w 
or footnotes the chemical composition of said materials ' ’ st' in rne text 

The Council received a petition for the formation’ of a Potomac Division of The 

isSip'jjgCir’ “ «>'“ — .7.^: 

c. « ‘1.. 

The Council approved a resolution by F V Band ChairTTKiTi -ax 

Union of Biological Sciences and Biological Abstracts ur£g the Society mem “i s Tn so 
tai as possible to enter and/or keep up their individual subscriptions^at least to the 
Plant Science Section of Biological Abstracts, and to use their influence toward furthering* 
departmental and institutional subscriptions. towaia lurtnenng 

The Council approved publication of a membership list of The American Phvto- 
pathological Society as a supplement to PHYTOPATHbLOGY as soon as pTsiWe 
rhe decision Regarding holding a summer meeting of The American Phytopatholoo*i- 
Gommit\^^^^ program committee and the executive committee^ o/the War 

regular Avinter meeting be held in coniunetion 

^ The Council advised the Secretary to authorize the use of the membershit) list to the 
Agricultural Insecticide and Fungicide Association with the stipulation that the list 
would be used on y for sending AIP News, and would NOT avaUabT to fims 
comprising the Agricultural Insecticide and Fungicide Association. 
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JOSEPH CHAKLES ARTHUR 
January 11, 1850-April 30, 1942 


Joseph Charles Arthur was gTaduated from the Iowa State College 
in 1872 with the degree of Bachelor of Science, and received the degree 
of Master of Seieiiee from the same institution in 1877. He was granted 
the degree of Doctor of Science by Cornell University in 1886. His 
honorary degrees ineluded the Doctor of Laws, LTniversity of low^a, 
1916 ; Doctor of Science, Iowa State College, 1920, and Purdue Univer- 
sity, 1931. He also pursued graduate study at Johns Hopkins and Har- 
vard in 1879 and at Bonn in 1896. 

In 1884, he was appointed botanist at the Agricultural Experiment 
Station, Geneva, New York. This was the first appointment to such a 
position ill this country. In 1887 he was called to Purdue University 
as Professor of Botany. The following year his title was changed to 
Professor of Vegetable Physiology and Pathology and Botanist to the 
Indiana Agricultural Experiment Station. This position he held until 
his formal retirement in 1915. Prom then until his death he was Emer- 
itus Professor of Botany. In the years between his graduation and his 
going to Geneva it was his determination to make botany his life work, 
but botanical positions were few. For a while he had no work; he 
taught country schools during several winters ; he returned to the col- 
lege at Ames several times to carrj" on special w^ork ; and was instructor 
at the Universities of Wisconsin and Minnesota during part of the time. 

Dr. Arthur W'as a charter member of the American Phytopathologi- 
cal Society, and was a member of numerous other American and foreign 
scientific societies. 

Although an important and pioneer contributor to several botanical 
fields, particularly physiology and pathology, his great life work was 
with the Uredinales. He was an inspiring leader in the investigation 
of the rusts for more than fifty years. From the time of his first rust 
papers in 1883 to his last papers in 1936, he was studying the life- 
cycles, relationships, classification and distribution of these fungi. The 
results are recorded in 150 papers and three major publications. He 
was much interested in the rules of nomenclature and made numerous 
trips to Europe to confer wdth fellow workers and to attend Interna- 
tional Congresses. Throughout an unusually long life Dr. Arthur was 
])roductive not only through his own unceasing efforts but also through 
iiifliience on the lives of students, assistants, correspondents and asso- 
ciates. 
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MANORANJAN MITRA 
June 19, 1895-July 10, 1942 



Manoranjan Mitra was graduated from Punjab University (Gov- 
ernment College), Lahore, India, in 1916 with the degree of Bachelor 
of Science, and in 1918 he received the degree Master of Science from 
the same institution. He was granted the Diploma of the Imperial Col- 
lege of Science (London) in 1929 and the degrees of Doctor of Philoso- 
phy (1929) and Doctor of Science (1936) from London University. 

For a time. Dr. Mitra was a Lecturer in St. John’s College (Agra, 
India), but as his interests lay in research he went to the Imperial 
Agricultural Research Institute at New Delhi, India, first in 1919 as 
a graduate student and later as an associate. Soon after completing 
his training at London University, Dr. Mitra was appointed Assistant 
Mycologist at the Imperial Agricultural Research Institute (New Delhi, 
India), which position he held until the time of his death. 

Dr. Mitra was a man of retiring yet friendly nature. He was espe- 
cially studious and gained an extensive knowledge of plant diseases in 
India. He was a scholarly teacher and a most congenial associate and 
loyal friend. 
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AKTHUE LEWIS PIERSTOEFF 
November 12, 1895-Jiily 28, 1942 


Arthur Lewis Pierstorff was graduated from The Ohio State Uni- 
versity in 1919 ■with a degree of Bachelor of Arts, and received the 
degree of Doctor of Philosophy from Cornell University in 1929. 

Dr. Pierstorif was assistant county agent at Rochester and Fredonia, 
New York, 1921-1922; research fellow at Cornell University 1922- 
1923; plant disease director of the New York State syray service at 
Cornell University 1924-1926 ; extension horticulturist at Rutgers Uni- 
versity, New Jersey State College of Agriculture 1926-1927 ; extension 
plant pathologist and professor of botany at The Ohio State University, 
1928-1938 ; and professor of botany in the same institution from 1938 
to the time of his death. He -was a second lieutenant, field artillery, 
IJ. S. Army in 1918. 

Dr. Pierstorff was a recognized authority in the field of plant pathol- 
ogy and pomology. He organized a centralized scab spray service for 
the State of Ohio, "which has been an outstanding service to the orchard- 
ists of the State. The effects of his very capable and efficient service in 
extension work will long continue to be evident in all parts of the State. 
His affable, sincere, and genuine manner, and his warm personality won 
him many friends among his eolleagues and among the agriculturalists 
of the State. 



VAPOR ACTION OF CERTAIN FUNGICIDAL MATERIALS 
PREPARED FOR DUSTING COTTON SEED^ 

S. G. Lehman 

(Accepted for publication September 24, 1942) 

In recent years certain commercial preparations having fungicidal prop- 
erties Lave been widely recommended for dusting seeds before planting. 
Numerous workers have shown great reduction in smut of wheat (9), oats 
(10, 15), and barley (8) and marked improvement in cotton seedling emer- 
gence and survival (1, 4, 7, 11, 12, 14) as a result of treating seed with 
copper, zinc, and mercury dusts. The first dust preparation to be widely 
used on cotton seed was Ceresaii. Ceresan, as prepared at present, contains 
2 per cent of ethyl mercury chloride as its active ingredient. A second 
preparation, introduced for use in control of seed-borne parasites of cereals 
and since found to be very effective in control of fungi found on cotton seed, 
is sold under the name New Improved Ceresan. This preparation contains 
5 per cent of ethyl mercury phosphate as its active ingredient. Another 



preparation of considerable merit for dust treatment of cotton seed is known 
to the trade as Sanoseed. This preparation is said by the manufacturer to 
contain not less than 2 per cent of ethanol mercury chloride. 

Recommendations for seed treatment usually have emphasized the impor- 
tance of using enough of the chemical and of thorough mixing of chemical 
and seed so that each seed becomes coated with particles of the disinfectant. 
With non-volatile disinfectants this would seem necessary. However, con- 
sideration of availability and cost of materials and of the toxic effect of the 
chemicals on the seed itself makes the use of small quantities desirable. A 
gaseous fumigant might have considerable advantage over one of low vola- 
tility in that the former, although used in small doses, could reach spores 
lodged in minute crevices impenetrable by fungicides in water solution. 

When New Improved Ceresan is used for cotton, 1 and oz. usually is 
recommended as the quantity to use for 1 bushel of fuzzy seed. In the 
writer’s experiments in which this dust was applied in different quantities 
to cotton seed infested with the anthracnose fungus, Glomerella gossypU^ 
and the pink boll rot fungus, Fiisarium moniliforme, application of as little 
as i or i ounce per bushel of seed usually has given nearly as great improve- 
ment in seedling emergence and survival as the use of larger quantities. It 
seems improbable that so little as i oz. of this dust containing only 0.025 oz. 
of active ingredient could by the methods employed be so uniformly dis- 
tributed over 30 lb. of fuzzy seed as to bring a fungicidally effective dose in 
direct particle contact with more than a relatively small proportion of the 
spores on the seed. It was suggested that the effectiveness of this dust in 

^ Contributioix from tbe Department of Botany, North Carolina Agricultural Experi- 
ment Station. Published with the approval of the Director as Paper No. 142 of the 
Journal Series. 
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small dosages is cine to the volatility of the mercurial ingTedieiit. It has 
been shown that certain microorganisms (5) and seed plants (6,-16) and 
hiiinan beings (3) may be harmfully alfected by vapors arising from mer- 
cury or its compounds and that formaldehyde vapor (2) is an effective 
agent for control of fungi on seeds. With a seed like cotton, which normally 
has its surface covered with short lint, a volatile fungicide should have a 
marked advantage over one of no volatility. This paper gives an account 
of experiments made to test the vapor action of mercurial preparations used 
for treating cotton seed. 

EXPERIMENTS WITH SEEDS 

In these experiments both naturally infested and artificially inoculated 
seeds -were used. All broken and visibly defective seeds were removed in 
order to reduce as much as possible the inaccuracies that might arise from 
inelusion of defective seeds. The sound seeds reserved for use wmre thor- 
oughly mixed and then separated into equivalent lots for treatment. In 
making the treatments, a weighed quantity of the chemical preparation to 
be used wms spread in a thin layer over the bottom of a large glass dish. 
Sufficient time was allowed for all dust to settle. The seeds were laid on 
wire racks above the chemicals. In some experiments the treatments were 
made in desiccator dishes wuth vapor-tight lids ; in others, large 3-liter capac- 
ity culture dishes with well fitted but unsealed lids were used. Control lots 
were treated similarly, except for omission of the fungicide from the dishes. 
The treated seeds 'were germinated either in steamed sand in flats in the 
greenhouse or on paper toweling in large glass moist-chamber dishes in the 
laboratory. Fifty seeds were taken as the planting unit for each sublot, and 
each planting was replicated 4 or 8 times. The sublots of each test were 
randomized in the plantings. Other details of the treatments 'vdll be given 
as the various experiments are described. 

In experiment 1 (Table 1), seeds naturally infested with Glomerella 
gossypii and Fiisarhim nioniliforme were exposed to vapor from New Im- 
proved Ceresan. In experiment 2 (Table 1), both Ceresan and New 
Improved Ceresan were tested. Such an amount of each dust preparation 
•WTis used as would give equivalent weights of the active ingredients. The 
seeds '^^ere germinated in steamed sand. In both experiments, the control 
lots gave a low percentage of disease-free plants, while the lot stored above 
Ceresan and New Improved Ceresan and the lot in which Ceresan w^as 
applied directly to the seed gave high percentages of disease-free seedlings. 
Obviously both Ceresan and New Improved Ceresan contain substances 
whose vapors are fungicidally active toward G. gossypii and F. moniliforme 
present on seed. 

The treatments described above were made at laboratory temperatures 
wiu(di varied iroin 20^ C. upward. It w^as of some interest to know whether 
similar effects wnuld follow treatment at a low^er temperature. Table 2 
gives results of a test (Exp, 1) in which naturally infested seed was treated 
at a unitorm temperature of 14 C. and at 28° C. The seeds were germinated 
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on paper toweling in large moist chamber dishes. This method of germina- 
tion made it possible to identify the fungi present by direct examination of 
the diesased seedlings. Fusarium moniliforme and Glomerella gossypii 
were present on nearly all of the diseased seedlings. Seeds treated with 
Tapors from New Improved Ceresan at 14° for 24 hours showed a higher 
percentage of germination and a much loAver percentage of diseased seedlings 
than the untreated control. The 48- and 72-hour exposure periods gave 
disease control that was somewhat better than the 24-hour period, but not 
so good as that obtained by direct application of the dust to the seed. Ex- 
posure at 28° C. appears to have given somewhat better control of seedling 
diseases than at 14° C. Other similar tests not being presented here show 
good vapor action of New Improved Ceresan at 18° C. for exposure periods 
of 24 and 48 hours. 


TABLE !.■ — Number and percentage of diseased seedlings arising from cotton seeds 
naturally infected with Glomerella gossypii and Fusarium moniliforme and sn'bjected to 
vapors arising from Ceresan and Neio Improved Ceresan 


Experi- 

ment 

No. 



Seedlings free 
of disease 

Lot 

Treatment 

Num- 

bera 

Per- 

centage 

seeds 

planted 


A 

t Control ; stored 3 days in empty dish 

Stored 3 days over New Improved Ceresan^ 

1.6 

3.2 


, B 

47.4 

94.8 

1 

C 

Control; stored 16 davs in empty dish 

2.6 

4.2 


B 

Stored 16 days over New Improved Ceresanb 

Bifference required for significance, odds 99 to 1 

47.5 

3.6 

95.0 

7.2 


A 

Control ; stored 2 days in dish without Ceresan 

8.3 

16.6 


B 

Stored 2 days over 15 gms. of Ceresan^ 

34.4 

72.8 

2 

C 

Stored 2 days over 6 gms. of New Improved Ceresanb 

46.5 

93.0 

i 

1 

B 

Seed dusted with Ceresan^ 

Bifierence required for significance, odds 99 to 1 

46.1 

2.6 

92.2 

5.2 


a Mean of 8 rei)lications of 50 seeds each. 

5 per cent ethyl mercury phosphate, 
e 2 per cent ethyl mercury chloride. 


In other experiments vapor arising from Sanoseed was tested against 
Glomerella gossypii. Old seeds known to be free of natural infestation 
of Ftisariuni moniliforme were artificially inoculated wdth eonidia of 6?. 
gossypii. The air-dry inoculated seeds were exposed to vapor from 5 g. 
of Sanoseed in large culture dishes, held at 3 constant temperatures. The 
results are given as Exp. 2 and 3 in table 2. Experiment 2 was germinated 
on paper toweling in moist chamber dishes at room temperature. A sig- 
nificantly smaller proportion of the seedlings became diseased from seeds, 
exposed to Sanoseed at 28° than at 5° C. However, this decrease appears 
to have been due to an adverse effect of drying the eonidia on the seeds held 
at 28° C. The percentage of diseased seedlings from seeds exposed to 
Sanoseed at 38° is less by low odds than from seeds of the comparable un- 
treated control. 


a 1 different iemperatures and for different periods of time 
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In experiment 3 (Table 2) the seeds were planted in steamed river sand 
in the greenhouse. Total germination was not determined but emergence 
and disease records were taken. No vapor action of Sanoseed against 
Glomerella gossypii was indicated. Most of the seedlings died before 
emergence. The small proportion that did emerge died soon afterward 
or showed pronounced anthracnose lesions on the stems. Vapor from 
Ceresan, however, gave high seedling emergence and complete freedom 
from disease. These results (Exp. 2 and 3), which are supported by a 
preliminary experiment not given here, indicate that vapor action by 
Sanoseed is only feebly if at all effective at ordinary temperatures. 

Old seeds or seeds that have been improperly stored often are found 
infested with and susceptible to injury by such molds as Rhizopus nigricans, 
Cephalothecium roseum, and Aspergillus sp., fungi not usually regarded as 
important parasites of cotton seedlings. Seed of this character, even though 
free of the more virulent parasites, Glomerella gossypii and Fusarium 
moniliforme, is often greatly improved in respect to seedling emergence by 
dusting with a mercury fungicide before planting in the field. A preliminary 
experiment with old seeds exposed to vapor of New Improved Ceresan indi- 
cated considerable reduction in seedling mortality from such treatment. To 
establish this point additional experiments were made using seed approxi- 
mately 5 years old and known to be infested by and susceptible to R, nigri- 
cans, A brown-spore and black-spore species of Aspergillus were also on the 
seeds. In the course of these experiments, the temperature, period, and 
manner of exposure were varied somewhat, and several dust preparations 
were used. The seed was germinated on paper toweling in large moist- 
chamber dishes in order better to observe the fungi developing on the seed 
and seedlings. Two hundred seeds were germinated for each treatment. 
After germination began, records were taken at daily intervals, and diseased 
seedlings were removed as soon as the causal fungi could be recognized. 
Certain details and the results of these treatments are given in table 3. 

In experiment 1 (Table 3), molds, chiefly Ehizopus, destroyed 43.5 per 
cent of the seeds of the control, either before or soon after germination. 
Storage in vapor above ethyl mercury phosphate greatly reduced the per- 
centage of moldy and damaged seedlings and increased the percentage of 
uninjured seedlings. Treatment at 28° C. gave markedly better results than 
at 5° C. Application of the dust directly to the seeds entirely inhibited 
growth of the seed-molding fungi. 

In experiments 2 and 3 (Table 3), several seed- treatment preparations 
were used and such an amount of each preparation was stored in the dishes 
with the seeds as to give an equal weight of the active ingredient for each 
preparation tested. Thus, if the concentrations of active ingredient as given 
by the manufacturer were correct, the seeds in each treated lot were exposed 
to vapors from 0.1 g. of the chemical ingredient. Best results from the 
vapor treatments were obtained by use of the preparation containing ethyl 
mercury chloride. Not only were fewer seeds destroyed by mold fungi 
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{EMzopiis nigricans and the brown-spore AspergilUis) , hut also the vapor 
almost completely prevented growth of the non-parasitic black-spore Aspcr- 
gillus on the coats of germinating seedlings. Ethyl mercury iodide w’-as 
second in respect to effectiveness of its vapors in preventing Rhizopus and 
the brown-spore Aspergillus from destroying seeds and seedlings. However, 
in control of the black-spore Aspergillus on the coats of germinating seeds, 
the ethyl mercury iodide preparation was least effective of any tested. Some 
selective action between fungi and chemical seems to be indicated. Ethyl 
mercury phosphate and ethyl mercury borate preparations were each about 
equally effective in respect to the fungicidal action of their vapor. Each 
also was significantly less effective than ethyl mercury chloride against all 
fungi on the seeds. The least effect on seed-destroying fungi was obtained 
from vapor from ethanol mercury chloride. This material is obviously 
of low volatility. The same material applied directly to the seeds, however, 
gave good control of fungi on the seeds. 

In experiment 3 (Table 3), comparisons were made between treatments 
in dishes having ground glass lids sealed with petrolatum and in culture 
dishes having well fitted but unsealed lids. No advantage was found in the 
use of a sealed dish as compared to a covered, unsealed dish. Apparently 
the quantities of material used (0.1 g. of active ingredient) was great enough 
to maintain an atmosphere approximately saturated wdth chemical vapor 
in the covered, unsealed dishes. 

EXPERIMENTS WITH CONIDIA 

In addition to experiments with infested cotton seed other experiments 
'were carried out in which conidia of Glomerella gossypii were exposed to 
vapors from various chemical preparations. A culture of the fungus isolated 
from a diseased cotton seedling and known to be pathogenic was grown on 
potato-dextrose agar in Petri dishes until an abundance of spores had 
formed. The surface of the dishes was rinsed wutli water to get a heavy 
suspension of conidia. Twu 3-mm. loopfuls of this conidia! suspension were 
placed on small squares of sterile filter paper in sterile Petri dishes. The 
Petri dishes containing the inoculated filter paper squares were placed in 
a cupboard with the lids removed until the paper and spores had become 
air-dry. The dry inoculated papers w^ere exposed to the vapors of the chem- 
icals in the manner described above for exposure of seeds; i.e.^ by placing 
an open Petri dish in a closed culture dish over the chemical being tested. 
Ill some instances instead of exposing inoculated papers, the conidia were 
placed on the papers after exposure to the chemicals. Glass cover slips 
were substituted for the paper in some experiments. After the treatment 
these were placed on water agar containing 0.1 per cent dextrose to deter- 
mine if the treated conidia were still viable. For convenience the paper 
squares and glass cover slips with conidia will be referred to as cultures.’’ 

Preliminary tests indicated that conidia of Glomerella gossypii on paper 
squares could be killed by exposure to vapor from 2 g. of New Improved 



Mean of 4 control plates of 5 cultures each. 
Mean of 2 control plates of 5 cultures each. 
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Ceresaii for a period of 24 hours. Table 4 gives results from other experi- 
ments using different seed treatment preparations, different weights of cer- 
tain of the preparations, and different exposure periods. In experiments 1 
and 2 as little as 0.25 g. of the ethyl mercury phosphate preparation 
provided sufficient vapors to prevent growth of cultures after 24 hours of 
gassing. Exposure as short as 2 hours to 2 g. resulted in failure of all 
cultures to grow. 

Comparative tests of vapor action of 4 seed-treatment preparations were 
made in experiments 3 and 4 (Table 4). Such a quantity of each prepara- 
tion was taken as would put an equivalent amount (0.1 g.) of the active 
ingredient in the gassing chambers (large, unsealed culture dishes). 
Treatments were continued from periods of 1, 2, 3, and 4 hours at a tem- 
perature of 28° C. No cultures grew after 1 hour’s exposure to the prepara- 
tion containing ethyl mercury chloride. The preparations containing ethyl 
mercury phosphate and ethyl mercury iodide were apparently somewhat 
less effective than ethyl mercury chloride. Of the 4 preparations applied 
ethyl mercury borate was least effective as a volatile agent, more than 2 
hours’ exposure being required to inhibit growth of all cultures by this 
material. 

Other experiments were made in which air-dry conidia were gassed at 
different temperatures by vapors from ethyl mercury chloride, ethyl mer- 
cury phosphate, and ethanol mercury chloride (Table 5). At all tempera- 
tures used (5, 18, and 28° C.) vapors from the ethyl mercury chloride 
completely inhibited growth of the filter-paper cultures. The ethyl mer- 
cury phosphate preparation was somewhat less effective, only partly in- 
hibiting growth for the 2- and 4-hour treatment periods at 5° C. Growth 
was prevented completely when treatments were made at 28° C. Ethanol 
mercury chloride was much less effective in vapor action than the other 
materials used. Growth occurred from all cultures except one exposed to 
this material. 

In the experiments described above, growth of the conidia exposed to 
vapors of certain organic mercury compounds was inhibited. ' Assuming 
that the chemical vapors condense on the conidia and paper and become 
fungicidally active only when the cultures are put on moist media for 
germination, one might expect those vapors that had condensed on the 
conidial cultures from a saturated atmosphere in a given period of exposure 
would in a like period harmlessly volatilize from the cultures when they 
were moved to open air. Table 6 gives results of exposing air-dry conidia 
on filter paper to vapors of 4 organic mercury prepai^ations for 1, 3, 4, 
and 24 hours and subsequently moving them to open air to permit escape 
of the material that may have condensed on them. No growth occurred 
after 24 hours’ exposure to any of the 4 chemicals, even though such ex- 
posure was followed by a 24-hour period of airing to permit volatilization 
and dissipation of condensed vapors adhering to the surface of paper and 
conidia. With ethyl mercury chloride and ethyl mercury phosphate, growth 
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of all cultures was inhibited by 3 hours of gassing ; but 24 hours of subse- 
quent airing failed to remove the inhibiting agent. A period of airino* 
considerably longer than the period of exposure was required to remove 
the inhibiting chemical from the cultures; and increasing the period of 
exposure of the cultures to the vapors increased the difficulty of freeino’ 
them of the chemicals by airing. It appears from these tests that the 
chemicals either penetrate and kill the di\y conidia or in some way become 

TABLE 5. — The effect of exposing air dry conidia of Glomerella gossypii on filter 
paper at different temperatures to vapor from 3 preparations contaming organic mercury 


Treatment 


Active ingredient in preparation used 


Tem- 

pera- 

ture 


Time 


Number of cultures 
alive out of 
5 treated 


Control, not gassed 

Ethyl mercury chloride, 2 per cent^ , 


Etlpd mercury pliosydiate, 5 per centt* 


a ( ( 
a ic 


Ethanol mercury chloride, 2 per eentc 

Control, not gassed 

Ethanol mercury chloride, 2 per cent ... 

Control, not gassed 

Etlianol mercury chloride, 2 per cent ... 

Control , not gassed 

Ethyl mercury chloride, 2 per cent ....... 

^ ^ << c i C C i i it 


:hanol mercury chloride, 2 per cent 

^ < a it a it it 


Control, not gassed 


Room 

5 

it 

28 


28 


18 

it 

28 

a 

38 

a 

18 

28 


28 


Sours 

2 

4 

2 

4 

2 

4 

2 

4 


72 


24 

48 

72 


Bxpt. jd 
5 
0 
0 
0 
0 
2 
1 
0 
0 


TJxpt. 3d 
5 
5 
5 
5 
5 
5 
0 
0 


Krpt, de 
5 
5 
5 
5 


Sxpt. 

5 

0 

0 

0 

0 

2 

1 

0 

0 


Bxpt. 4d 
5 
5 
5 
5 

4 

5 
0 
0 


a Ceresan ; 5 grams in each gassing dish. 

'■New Improved Ceresan; 2 gr.-ims in each dish. 

^ Baiioseed ; 5 grams in each dish. 

■i Gassed in large, unsealed culture dishes, 
o Gassed in sealed desiccator dishes. 

attached to the cultures (conidia and paper) so firmly as to considerably 
retard release when the cultures are removed to open air. 

A number of experiments were made in which conidia of Glomerella 
goissypti weie put on filter-paper squares after such squares had been gassed. 
1 Jiese experiments showed that ethyl mercury chloride and phosphate vapor 
condensed on the paper alone in snfacient quantity to stop growth of conidia 
Mibse<iuently placed on the papers and that removal of the inhibiting chem- 
icals required a period of airing considerably longer than the period^of gas- 
sing m which the chemical vapors condensed on the papers. Table 7 gives 
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the results of an experiment in which the effects of adding the eonidia to 
the papers before or after gassing are compared. Two series of papers were 
exposed for 1 hour to vapors of ethyl mercury chloride. In series A the 
conidia of G. gossypu were put on papers and dried. Then the massed’ cul 
tures were aired as shown. In series B, the conidia were put on the papers’ 


Exp. 

No. 


Active ingredient in prepara- 
tion useda 


Control, not gassed 

Ethyl mercury idliosphate, 5 per cent 

< ^ i < ( C ti lt c i 

Ethyl mercury chloride, 2 per cent 

a ic {( a 

Ethyl mercury borate, 5 per cent 

^ ^ ^ ^ i c i e ( i Cl 

Ethyl mercury iodide, 5 per cent 

^ ^ if II (lie Cl 


Control, not gassed 

Ethyl mercury phosphate, 5 per cent 

if if II ^c I 1 1 

^ ^ if I I I I 1 1 u 

^ ^ if I I I I I I Cl 

Ethyl mercury chloride, 2 per cent 

‘ ‘ < i I C nil Cl 


‘ ‘ ‘ ^ if 1 1 1 1 1 1 

Ethyl mercury borate, 5 per cent 

^ ‘ if if II It 


Ethyl mercury iodide, 5 per cent 

if if I I I I I I C I 


Period of 
gassing 


Sours 


24 


Period of 
gassing 


if Cl 
I C Cl 


Control, not gassed 

Ethyl mercury chloride, 2 per cent 

if nil It 

Ethyl mercury phosphate, 5 per cent 

“ if nil n 

Ethyl mercury borate, 5 per cent 

^ ^ if if tin n 

Ethyl mercury iodide, 5 per cent 


1 

1 

3 

3 

1 

1 

3 

3 

1 

1 

3 

3 

1 

1 


4 

4 

4 

4 

4 

4 

4 

4 


Sours 

0 

24 

0 

24 

0 

24 

0 

24 


0 

24 

0 

24 

0 

24 

0 

24 

0 

24' 

0 

24 

0 

24 

0 

24 


Cultures alive 
out of 5 
tested 

S umber 
5 
0 
0 
0 
0 
0 
0 
0 
0 


0 

25 

0 

25 

0 

25 

0 

25 


5 

0 

5 

0 

0 

0 

1 

0 

0 

5 

5 

1 

5 

0 

5 

0 

4 


5 

0 

0 

0 

0 

0 

5 

0 

1 


Af preparation used was such as to give an equivalent auantitv 

of active ingredient in each dish. ^ t-quivaitni; quantity 

after the latter had been gassed and aired. Both series were gassed concur- 
rently in the same chamber for 1 hour at 25° G., and then aired coneurrentlv, 
in the same location, at 25° C. For each treatment in each serie.s, 10 cul- 
tures, 5 in each of 2 Petri dishes, were tested for viability. As indicated by 
lot 2 (Table 7), gassing the papers before or after adding eonidia prevented 
growth of all cultures if the gassed papers were not aired before being placed 
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on agar. Airing for 4 hours subsequent to gassing, enabled 1 culture of 
series A and 7 of series B to grow. Airing for 8 hours subsequent to gassing 
permitted only 2 cultures of series A to grow, w^hile 10 grew in series B. 
Airing 16 or 24 hours permitted only 8 cultures of series A to grow, while 
10 grew in series B. The colonies in lots 4, 5, 6 from cultures of series A 
were noticeably smaller than those from series B, due to a slowing up of 
germination by the chemical or to a reduction of the number of conidia 


TABLE 7 . — Effect of airing culture papers exposed to vapors of ethyl mercury 
chloride 1)6 fore or after adding conidia of Glomerella gossypii 



Treatment 

Number of eultnres alive out of 5 tested 

Lot 

\Ta 



Series A. 

Papers® 

1 Series B. 

Papers^ 


Period of 

gassed after add- 

gassed before add- 



airing 

ing conidia 

ing conidia 



hrs. 



I 




Plate 1 

Plate 2 

Plate 1 

Plate 2 


la 

Not gassed 

25 

51 

51 



lb 

Not gassed 

0 



51 

51 

2 

Gassed 

0 

0 

0 

s 0 

0 

3 

Gassed 

4 

0 

Is 

2s 

5s 

4 

Gassed 

8 

2s 

0 

51 

51 

5 ■ 1 

Gassed 

16 

5s 

3s 

51 

51 

0 ! 

1 

Gassed 

24 

5s 

3s 

51 

51 


a Except lot la ; except lot lb j i colonies large ; s colonies small. 


germinating in series A. In lot 3, aired for 4 hours, colonies were small in 
both series A and B. No colony size differences -were evident between the 
controls for the two series. Since fewer cultures grew and colonies were 
smaller in series A, in which both paper and conidia were gassed, than in 
series B, in which only the paper substratum was gassed, it appears that 
the chemical used adheres somewhat more tenaciously to conidial wmlls than 
to the filter paper. 

The foregoing tests show that vapors of the chemicals used adhere to 
filter paper in quantities lethal to Glomerella gossypii and that the chemicals 
adhere for considerable periods of time after exposure to vapor-free air. 
An effort was made to learn if treatment of conidia deposited on glass would 
have a different effect than treatment of conidia on paper. Conidia of G. 
gossypii j dried down on sterile filter paper and on glass cover slips, were 
gassed by ethyl mercury chloride and ethyl mercury phosphate in sealed 
desiccator dishes at 3 temperatures for 2 time intervals (Table 8). Growth 
of cultures on paper was inhibited at all exposure periods by both chemicals 
at 13^ and 28^^ C. and also at 5° C. by ethyl mercury chloride. On glass no 
inhibition occurred, except by ethyl mercury chloride at 5° C. and 4 hours’ 
exposure. 

In other experiments, conidia on glass cover slips were exposed to ethyl 
mercury chloride and ethyl mercury phosphate for periods of 12 or more 
hours in sealed dishes (Table 9). In experiment 1, the conidia were dried 
on cover slips for a uniform period of time before gassing. In experiments 
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2 and 3 the conidia were dried for short and long periods of time It ivas 
expected that differences in moisture content of the conidial walls mi-ht 
result from short and long drying periods and that this would in turn effect 
absorption of the chemical vapors and produce demonstrable differences in 
viability of the treated cultures. Such results did not follow Conidia 
dried in experiment 3 for so short a period as 40 minutes, still were able to 
germinate after being gassed as long as 48 hours on glass. In other experi- 
ments noted above, exposure of conidia on filter paper for 12 or 24 hour 
periods to vapors of these chemicals resulted invariably in inhibited growth. 

cury compounds at different temperZ^Ts ^ preparaUons eontaxmng organic mer- 


Active ingredient in prepara- 
tion used 


Temperature 

during 

treatment^ 

°0. 

Period 

1 of 

gassing 
hours 

Room 


5 

2 

5 

4 

13 

2 

13 

4 

28 

2 

28 

4 

5 

2 

5 

4 

13 

2 

13 

4 

28 

2 

28 

4 


Number of cultures 
alive out of 5 
gassed on 


Control, not gassed 

Ethyl mercury chloride, 2 per centb 

^ ^ ^ < a ce u ce 

^ i ( a a ( ( 

a c i (( ( ( 

a itu a 

Ethyl mercury phosphate, 5 per cenS 

^ < a it a (( 

it Hit a 

“ it Hit a 

it it a t i {( 

^ i it t t t t £ C 


b aeresanTs g. Tn each ® petrolatum. 

'New Improved Ceresan; 2 g. in each dish. 

germiMted°*°°^“ examination showed many conidia on each coverglass, but none had 

The results presented in tables 8 and 9, taken in conjunction with data 
presented in preceding tables, show that conidia on glass are less readily 
inhAited from growth by exposure to vapors of the chemicals used than 
conidia on paper. Seemingly, in the foregoing experiments the chemical 
vapors had as great opportunity to condense on, enter and kill dry conidia 
gassed on glass as when gassed on paper. Apparently failure of the paper 
cultures to grow was due chiefly to action of vapor condensed on and held 
m the paper and later absorbed by the conidia when placed on moist agar. 
The chemicals failed to adhere to glass in the same quantities as to paper. 
The experiments with seeds (Tables 1, 2, 3) indicate that cotton lint may 
hold the condensed chemical vapors much as does filter paper. 

In preliminary tests, cultures of Olomerella gossypii growing on moist 
potato-dextrose agar in Petri dishes were exposed to vapors of ethvl mercury 
chloride (Ceresan) in sealed dishes. Conidia thus gassed failed to grow 
when transferred to fresh nutrient agar. In other tests cultures of G. 
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TABLE 9 . — JEfect of exposing dry conidia of Glomerella gossypii on glass cover 
slips to vapors emanating from preparations containing organic mercury 


Active ingredient in preparation used 

Hours of 
gassing 

Number of cultures alive out of 

5 or 10 gassed 

Exp. la 

Exp. 2bc 

Exp. 3c^ef 

Ethyl mercury chloride, 2 per cent 

( t C( ( £ tc (C ' 

12 

24 

4 

3 

5-10 

5-5-5 

a a a tc it 

48 

... 


5-5-5 

tt it ti it it 

72 

... 


4 

Ethyl mercury phosphate, 5 per cent 

12 

4 

10 - 10 



i C £ £ “ £ £ ittiiC 

24 

5 



Controls 

0 

5 

10-10 

5-5-5 


^Coniaia dried on cover slips 7 or 8 days before gassing. Five cultures gassed for 
each treatment. 

b-c, Conidia of b and from same culture, gassed concurrently in same gassing cham- 
ber: b dried 4 hr., e dried 28 hr. before gassing. Ten cultures gassed each treatment 
combination. 

K Conidia of dried on cover slips 40 minutes (until all macro scopically visible 
water had evaporated), e dried 1 hr. 40 min., f dried 24 hr. before gassing. Five cultures 
gassed for each treatment combination. 

g Not gassed; stored in empty dish until end of longest gassing period used in the 
experiment. 

gossypii were allowed to dry in a drying cabinet for various periods of time 
before exposure to vapors of the chemical. At the end of the gassing period, 
conidia, and in some tests conidia and pieces of agar substratum, were re- 
moved to nutrient agar. Details and results of some of these tests are given 
in table 10. The gassed conidia failed to grow, even though the gassing was 
done after the cultures had been permitted to become completely air dry. 
Enough of the chemical was taken up from the vapors and retained by the 
air-dry conidia alone to prevent subsequent growth. 


TABLE 10 . — Effect of vapors of ethyl mercury chloride on conidia of Glomerella 
gossypii groiving on nutrient agar in Petri dishes 


Exp. 

No., ■ 

Treatment of fungus 

Estimated 
percentage 
water in 
substratum 

Fungus alive in 10 transfers of 

Conidia 

only 

Substratum 
and conidia 


Not dried, gassed 

95 

2 

0 


. Dried 24 hr., gassed 

70 

0 

0 

1 

Dried 48 hr., gassed 

20 a 

0 

0 


Dried 66 hr., gassed 

15a 

0 

0 


Dried 48 hr., not gassed 

20a 

10 

10 

' 2 

Dried 55 hr., gassed 

15a 

0 



Dried 55 hr., not gassed 

15a 

! 10 


3 

Dried 66 hr,, gassed 

b 

0 



Dried 66 hr., not gassed 

b 

10 



Not dried, gassed 

95 

0 

0 

4 

Dried 72 hr., gassed 

b 

0 

0 


DritMi 72 hr., not gassed 

b 

10 

10 


» Not completely air dry ; cuts like rubber, but readily removed from dish, 
b Completely air dry, difficult to remove pieces of substratum from dish. 
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TESTS WITH OTHER CHEMICALS 

111 the course of the work herein reported, eonidia on filter paper squares 
were exposed to vapors that might arise from a number of chemicals other 
than those discussed above. The results from the tests with these prepara- 
tions are given in table 11. Little or no vapor action was found for Semesan, 
creosote dust, benzol, benzine, paradichlorobenzene, or picric acid. Vapors 
from alkyl mercuric acetylene were partly effective in killing the eonidia. 
This effectiveness is considerably enhanced by addition of urea. Leytosan, 
a preparation containing mercury in combination with phenol and urea, was 
slightly less effective than alkyl mercuric acetylene plus urea. A high pro- 
portion of the eonidia were killed by vapors of 154-6B and trioxymethane. 
The latter did not readily evaporate from the filter paper that carried the 
eonidia and probably w’ould act in a similar manner on the short fibers on 
cotton seed. Vapor of ehloropierin killed all cultures gassed for 72 hours 
but only part of those gassed 24 hours. Ethyl^ ether was not effective at 24 
hours’ exposure, but prevented growth of all cultures gassed for 72 hours. 


TABLE 11. — lifeot of exposing air-dry eonidia of Olomerella gossypii on filter paper 
to vapors emanating from various chemical preparations 



Period 

of 

gassing 

hours 

Number cultures alive/number 
treated 

Preparation and/or active ingredient 
therein 

Control, 

Cultures gassed 

cultures 

not 

gassed 1 

Not aired 
after 
gassing 

Aired 

after 

gassing 

Semesan (hydroxymereurochlorophenol), 30 
per cent 

24 

10/10 

10/10 


a ' £( a 

72 

5/5 

5/5 


Alkyl mercuric acetylenea 

24 

10/10 

8/10 


< ( i i i'i 

72 

10/10 

5/10 


Alkyl mercuric acetylene xdIus urea^^ 

< c* i i li ii a 

24 

5/5 

0/5 


72 ■ 

10/5 

0/10 


154-6Bd . 

28 

10/10 

0/10 


Levtosan (Pheiiolmercuricurea) 

24 

10/10 

3/10 


a a 

72 

10/10 

0/10 


Creosote dust (5 per cent creosote^ 

24 

15/15 

15/15 


a a { £ i { i c a 

72 

5/5 

5/5 


Chloropicrin 

24 

10/10 

6/10 


i i' 

72 

5/5 

0/10 


Benzol C.P. 

24 

10/10 

10/10 


i C C i 

72 

5/5 

5/5 


Benzine (Petroleum ether) C.P 

24 

10/10 

6/10 


< £ a { £ £ £ 

72 

5/5 

5/5 


Ethyl ether C.P. .. 

24 

10/10 

10/10 


££££££ 

72 

5/5 

0/5 


Para Bacca (Paradichlorobenzene) ■. 

24 

10/10 

10/10 


£ £ £ £ £ £ 

72 

5/5 

5/5 


Trioxymethane U.S.P. 

24 

10/10 

2/10 

0.5 

. £ £ : £ £ 

72 

5/5 

0/5 

5/5 


Picrin acid crystals 

24 

5/5 


££ ££ £ £ 

72 

5/5 

5/5 



compound, supplied by Chicago Development Laboratory, described as ^ ^ in- 
soluble.^^ ‘ 


Supplied by Chicago Development Laboratory, described as ■ ‘soluble. 
c Supplied by Heyden Chemical Corporation, New York, 
d Supplied by American Cyanamid and Chemical Corporation. 
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DISCUSSION 

Tlie experiments described in this paper show that cotton seeds infested 
with certain fungi are greatly benefited by confinement for a time in an 
atmosphere containing vapors emanating from certain organic mercury 
preparations. Likewise, conidia of Glomerella gossypii on filter paper were 
prevented from germination by suitable exposure to vapor from these mate- 
rials. Preparations containing ethyl mercury chloride and ethyl mercury 
phosphate were much more effective in vapor action than similar prepa- 
rations containing ethanol mercury chloride, and hydroxymercurochloro- 
phenol, while ethyl mercury borate was intermediate in effectiveness. This 
difference appears to be correlated with volatility of the active materials. 
Ethyl mercury chloride and ethyl mercury phosphate are characterized by 
eonsiderable volatility, while ethanol mercury chloride and hydroxymer- 
ciiroehlorophenol are relatively non-volatile at ordinary temperatures, and 
ethyl mercury borate is intermediate in this respect. In field tests with 
cotton seed dusted with preparations of ethanol mercury chloride and 
hydroxymercurochlorophenol, these 2 relatively non-volatile chemicals 
usually have been less beneficial than preparations containing the more 
volatile salts, ethyl mercury chloride or ethyl mercury phosphate. 

The adherence of vapors of ethyl mercury chloride and ethyl mercury 
phosphate to filter paper and to conidia after removal from the gassing 
ehambers to open air may be due to some physical bond with the substance 
of the paper or eonidial walls or to diffusion into and retention by sub- 
inicroseopic pores in the paper and eonidial walls. After a time the vapors 
escape, thus removing inhibition to germination of the conidia; but the 
time required for release of the chemicals is considerably longer than the 
time for fixation of the vapors in amounts necessary to stop germination. 
After longer periods of gasvsing, longer periods of airing were required to 
release the vapors and permit germination of the conidia, indicating more 
complete saturation of the paper and conidia. Apparently storage of seed 
for several days after dusting with these materials should increase the effec- 
tiveness of the treatment. Seeds that have escaped direct particle contact 
with the chemical applied to a given seed lot, are effectively fumigated by 
vapor from particles on adjacent seeds. The vapor becomes fixed to the 
lint and to the fungi on the seed in such fashion as to be retained for a con- 
siderable period of time after removal from confinement. 

l^olf and his coworkers (13) state that vapors of benzol and paradi- 
ehlorobenzene effect control of the downy mildew fungus, Peronosporct 
iahacma, in tobacco beds, by solution in the water on and within plant tis- 
sues and ill constituents of the living cells of the tobacco plant and of the 
mvcelium ol: the tungiis. In certain of the experiments made in connection 
with work reported in this paper, it was observed that growth of the cul- 
tures gassed with ethyl mercury chloride after putting the conidia on the 
paper H(|uares was more readily prevented than when the papers were gassed 
bctore aihliug the conidia. Tims it seemed that during the gassing period 
the vapors may have entered through the dry walls of the conidia in suffi- 
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cient quantity to inactivate their protoplasts. Since many of such cultures 
grew, however, after removal to open air for a suitable period of time, it 
appears that the chemical vapors were deposited on but did not enter the 
conidia until they were placed on moist agar for germination. The tech- 
nique employed in these tests is not adequate to determine whether or not 
some of the conidia may have been killed by penetration of the dry walls by 
the chemicals during the gassing period. 

'"Concentration of vapors in a confined atmosphere above exposed sur- 
faces is dependent on temperature. Vapor action, inhibitory of spore ger- 
mination, was observed for ethyl mercury chloride and ethyl mercury phos- 
phate at temperatures as low as 5° C. and as high as 28° C. This well covers 
the range of weather temperature that would exist between the usual times 
of treating and planting cotton seed. Efficient vapor action was not ob- 
served for ethanol mercury chloride at any temperature tried. This may 
be basic to the somewhat poorer results obtained from ethanol mercury 
chloride in field tests in which this material has been compared with ethyl 
mercury chloride and ethyl mercury phosphate. 

In the foregoing tests it has been assumed that the lethal vapors were 
those of the substances reported by the manufacturer to be the principal 
active ingredient in the preparations tested. However, since the mercury 
preparations used in most of the experiments were of commercial manufac- 
ture and were not made by mixing chemically pure salts with the diluents, 
it is recognized that minor percentages of other mercury compounds may 
have been present. 

SUMMARY 

The commercial seed treatment preparations sold as Ceresan and New 
Improved Ceresan and containing ethyl mercury chloride and ethyl mer- 
cury phosphate, respectively, as the chief active ingredient emit fungicidally 
active vapor. When cotton seeds were confined with this vapor, the vapor 
condensed on the seeds in sufficient quantity to inhibit growth of seed- 
infesting fungi. Similarly, vapor from preparations containing ethyl mer- 
cury borate and ethyl mercury iodide were found to act as a fumigant 
fungicide for cotton seeds. 

Mercurial vapor from the 4 preparations mentioned above was lethal 
to conidia of Glomerella gossypii exposed on filter paper and on mycelium 
in Petri dishes. The vapor was retained by the paper and the conidia in 
quantity lethal to the conidia for considerable periods of time after removal 
to open air. The chemical appeared to be retained more tenaciously by 
conidia than by filter paper. In order of decreasing effectiveness of their 
vapor action against fungi on seeds and filter paper, these 4 chemicals rank 
as follows: ethyl mercury chloride, ethyl mercury iodide, ethyl mercury 
phosphate, and ethyl mercury borate, respectively. 

Sanoseed, containing ethanol mercury chloride, gave good control of 
seed-infesting fungi when applied directly to cotton seed, but little or no 
beneficial effect was found when infested seed or conidia of G. gossypii on 
filter paper were exposed to its vapor at temperatures of 38° C. or lower. 
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Etiianol irierciiry chloride is of low volatility at temperatures such as those 
to which treated cotton seed would be exposed. 

By reason of the volatile nature of ethyl mercury chloride and ethyl 
mercury phosphate and their property of condensing* on and adhering to 
cotton seed and seed-infesting fungi, very small ratios of quantity of chem- 
ical to quantity of seed are effective. Vapor from seeds carrying bits of 
the chemical pass to and condense on adjacent seeds that may have received 
none of the chemical in the dusting operation. Vapor action of ethyl mer- 
cury chloride and ethyl mercury phosphate is effective in the range of 
temperatures (5° to 38° C.) likely to obtain between the dates of treating 
and planting cotton seed. 

Tests of Semesan (30 per cent hydroxymercuro-chlorophenol), creosote 
dust (5 per cent creosote), benzol, benzine (peti'oleum ether), para bacca 
(paradichlorobenzene), and picric acid, showed no inhibitory effect of their 
vapors toward air-dry conidia of G. gossypii. Marked reduction or complete 
prevention of germination of conidia of this fungus was effected by vapors 
of alkylmereuricacetyleneurea, leytosan (phenoniercuricurea), 154^6B, 
chloropicrin, ethyl ether, and trioxymethane. Alkylinercuricacetylene was 
only partly effective as a fumigant fungicide. 

State College op Agriculture and Engineering, 

Raleigh, North Carolina. 
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A DESTRUCTIVE VIRUS DISEASE OF SOUR CHERRY^ 

G. W. Keitt and C. N. Clayton 
(Accepted for publication September 29, 1942) 

For many years an unfruitful condition of soar cherry (Primus cerasus 
L.), known to the growers as ''yellow leaf” or "hoarder tree,” has been 
observed in Wisconsin. Similar or identical tronbles have been reported by 
Stewart (21) and Gloyer and Glasgow (6) as a non-parasitie "yellow leaf ” 
and by Rasmussen (17) as "physiological yellow leaf.” Various possible 
causes of the trouble have been suggested, but convincing experimental evi- 
dence as to cause has been lacking. Observations that the malady was 
spreading in Wisconsin orchards led the writers in 1936 to underake studies 
that have shown that they are dealing with a virus disease, or possibly a 
complex of virus diseases. Brief reports on this work have been published 
(3, 4, 11, 12, 13, 14, 15). The present paper^ reports the progress of this 
investigation from its beginning to the end of the season of 1940. 

Cherry yellows is tentatively proposed (c/. 4) as the common name of 
this disease because of the type of leaf symptoms and the probability dis- 
cussed herein that it is transmitted by leaf hoppers. 

In the present state of knowledge of virus diseases of stone fruits, it is 
not possible to give a complete account of the etiology and symptom expres- 
sion of cherry yellows or to define its relations to certain other virus diseases. 
The following account is to be regarded as a report of progress based chiefly 
on field experiments and observations extending over a 5-year period. In 
some respects, especially the identity of the virus or virus complex and the 
range of symptom expression, it is subject to modification or correction in 
the light of results of further studies now in progress. 

A general review of literature relating to virus diseases of stone fruits 
seems unwarranted here, since, for present purposes, the field has been 
sufficiently covered by others (1, 2, 9). 

Since this paper was drafted, several articles on the disease under con- 
sideration have appeared (9, 10, 18, 19). These will be referred to later in 
connection with topics on which they bear. 



I 

1 

.i 

1 - 

1 
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SYMPTOMS 

The leaf symptoms described below are characteristic of the disease as 
the writers have seen it develop naturally or after transmission by budding | 

in the field. f , 

1 Published with the approval of the Director of the Wisconsin Agrieultural Experi- f 

ment Station. ? 

2 This paper was prepared in the summer of 1940, when one of the writers was called 


to another post. It was held in the hope that the results of 1941 would yield conclusive 
evidence regarding insect transmission and provide some quantitative data on the influence 
of the disease on fruitfulness of the trees- The leaf symptom expression of the disease 
in Wisconsin was so poor in 1941 that results from the transmission experiments could 
not be taken in that season. The paper, with minor revision, is therefore being published, 
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Fig. 1 . Moiitmoreiiey leaves showing symptoms of yellows. Photographed June 29, 
1939, 

('liaraeteristie of yellows leaves in the more advanced stages of symptom 

development. The range of yellow color is chiefly between the shades of 

Martins and Jasminej as shown in the dictionary of color by Maerz and 

Pan] (16). The affected leaves then exhibit a very conspicuous mottling 

ot yt‘}]ow and green (Pig. 1), and if the}^ persist long enough on the tree, 

some of them may become entirely yellow. The green color may persist 

near the midinb and the main veins. Sometimes, however, this rela- 

<ind it is c'OBt(’inplated that the results of work after 1940 will be treated in later publi- 
eatums. ^ 

1 are made to J. I). Moore for assistauce in the work done in 1940 

and 1941 ; to iMigeiie Herrling for the photographie work. 


Chlorotic areas of lighter than normal green apopear on any part of the 
leaf lamina. They are very variable in size and shape, sometimes showing in 
this early stage a more or less definite ring-spot effect. If the leaves are 
not abscised at an early stage of symptom expression, the chlorotic areas 
become progressively paler green and then p)rogressively yellow to the shade 
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tioH does not obtain. In some eases the green fades and the yellow comes 
in rather uniformly over a large part of the leaf. Small islands of darker 
green may be left scattered in such areas. There is usually no necrosis^ 
except occasionally at the tip of the leaf. These mottled or yellow leaves 
and some that are still green are soon abscised. 

The leaf symptoms usually begin to appear about 3 or 4 weeks after petal- 
fall. A major wave of defoliation ordinarily begins in the Door County 
district in late June or early July and continues for about 2 or 3 weeks. A 
few affected leaves or minor waves of defoliation may be observed for some 
weeks later. The defoliation typically begins with the older leaves, com- 
monly including the scale leaves, and extends tow^ards the younger. Often, 
however, a leaf at or near the apex of a terminal shoot will show the symp- 
toms in the latter part of the season, while the older leaves that remain on 
the shoot do not. The defoliation usually includes about 1 to 50 per cent 
of the leaves. Some of the leaves of diseased trees may be larger than 
normal, and the foliage of badly diseased trees, when view^ed from a distance 
of about 10 to 50 feet, tends to appear lighter green than normal. 

The disease does not kill the trees outright, but progressively and at 
variable rates over a period of years it impairs their health and fruitfulness, 
and probably tends to shorten their lives. 

A fully authenticated description of the progressive development of the 
disease must await the results of extensive studies in which many cases are 
followed, with appropriate experimentation, throughout their complete 
histories. The following statements, which are subject to revision when more 
complete information is available, represent the writers’ present judgment 
regarding certain aspects of the development of the disease as they have 
seen it in Wisconsin orchards. 

The disease does not commonly seem seriously to impair the fruitfulness 
of the tree in the first year of symptom expression. Usually a few yellow 
leaves appear in the first year the disease is observed. By the second or third 
year defoliation may be severe and the crop much impaired. The rate of 
progressive development of the disease varies much with factors not yet 


TABLE 1. — Belation of cherry yellows to yields Montmorency variety, Sturgeon Bay, 
Wis., 1941 


Year tree 
first mapped 
as diseased 

Pairsa 
of trees 

i 

Average 
yield per 
diseased 
tree 

1 Average 
! yield per 
healthy 
tree 

Indicated average 
reduction in yield 
due to virus 


Number 

Pounds ' 

Pounds 

Pounds 

Per cent 

1936 

18 

81.3 

139.1 

57.8 

41.6 

1937 

6 

71.0 

125.8 

54.8 

43.6 

1938 

8 

129.6 

157.9 

28.3 

17.9 

1939 

14 

107.9 

129,6 

21.7 

16.7 

1940 

4 

131.0 

123.8 




"^ Diseased trees were eliosen from a survey map of tlie orcliard witlxout observation of 
tile trees, and each was paired with an adjacent healthy tree selected at random from this 
map. 
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elearlv understood. Among possible factors governing this rate of develop- 
ment are virus strains or coinbinations, variations in the hereditary re- 
sistance of host strains or varieties, and the play of varying environmental 
conditions. 

Limited evidence of a progressive effect of the disease on fruitfulness of 
the trees is shown in data taken in 1941 (Table 1). There is no evidence of 


Fig. 2. Fruiting branches from the more vigorous growth of diseased (left) and 
healthy (right) Montmorency trees. The diseased tree is known to have shown symptoms 
of yellows since 1936, Strings and arrows mark the annual linear growth. The scale 
shown is in inches. Photographed July 19, 1941. There was very little expression of the 
leaf symptoms of yellows in Wisconsin in 1941. 

reduction in yield of the trees on 'which the symptoms of the disease were 
first observed i*i 1940. The reduction appears to have been moderate on 
trees knowti to have showm By.raptoms for 2 or 3 years and severe on trees 
known to liave shown symptoms for 4 years or more. These statem.ents, it 
should he noted, are based on averages from eomparatively small numbers 
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of trees. It is planned that the detailed data of table 1, with statistical treat- 
ment, will be reported in a later publication with further data from the same 
and other trees. More extensive data on the comparative yield of diseased 
and healthy trees, without record of the length of time the diseased trees 
had shown symptoms, are given by Easmussen and Cation (18). The aver- 
age yield of the diseased trees reported by these investigators was approxi- 
mately 47 per cent that of the healthy trees. 

A detailed account of the effects of the disease on the growth and fruit- 
fulness of the tree must await the results of further work. It may be said 
now that the spur system of the diseased tree tends progressively to become 


Fig. 3. Montmorency fruits from healthy (top row) and diseased (bottom row) 
trees, 

much reduced over a period of years (cf, 17), in comparison with that of a 
healthy tree (Fig. 2). 

The fruits from diseased trees are of good quality and free from any 
external or internal necrosis or bumpiness. They tend to be larger (often as 
much as 20 or 30 per cent) than average-size fruits from healthy trees 
(Fig. 3). Samples of 500 fruits, 10 fruits taken at random from each of 
50 diseased trees, and similar samples from each of 50 adjacent healthy 
trees were collected on 2 dates in each of the years 1936--1939, inclusive. 
The average weight of the samples from the diseased trees was greater than 
from healthy trees in the stated years by the following percentages : 1936, 
16 ; 1937, 32; 1938, 17; and 1939, 30. It is probable that the large size of 
the fruit is correlated in some degree with the sparseness of the crop {cf. 11) . 
Brix tests in 1937 showed that sap of fruits from diseased and healthy trees, 
respectively, had about the same sugar content. The fruit symptoms of this 
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disease are in mai'ked contrast to those described by Atanasoff (1) and 
Christoff (2) for mosaic of stone fruits in Europe and those of the pink fruit 
disease of sour cherry reported by Heald, Jones, and Huber (7) and Reeves, 
Huber, and Baur (20). 

Diseased trees tend to bloom about 2 days later than healthy ones. The 
petals on some of their blossoms may have pink lines or splotches. The 
blossom buds of diseased trees have at times seemed to be more subject to 
winter injury or frost injury than those of healthy trees. 

Symptoms on Montmorency and Early Richmond, the chief sour cherry 
varieties dealt with in this investigation, have seemed indistinguishable. 

It is recognized that some of the symptoms described above may be atrib- 
utable to a virus complex rather than a single virus, and that symptoms in 
addition to those described may be attributable to the yellows virus. In the 
latter regard it is noteworthy that, in greenhouse experiments that will be 
reported in a later paper, necrotic ring spot (9, p. 62-63) has commonly 
developed after chip budding from sour-cherry-yellows trees to presumably 
healthy sour cherry trees. A like result was reported earlier in corre- 
spondence with the writers by E. M. Hildebrand, who had budded in the 
greenhouse from yellows twigs procured from them. In extensive experi- 
ments in the greenhouse at Wisconsin both necrotic ring spot and a chlorotic 
ring spot have commonly appeared after chip budding from sour-cherry- 
yellows trees to presumably healthy sour-cherry trees and several other 
Prunus species. The necrotic ring spot is very prevalent in the orchards 
from which the yellows twigs were taken, occurring both on trees that have 
shown yellows symptoms and those on which yellows has not been observed. 
The chlorotic ring spot has been observed less frequently in the orchard but 
has commonly occurred in the greenhouse experiments on the same trees 
affected by necrotic ring spot. A rosette condition also has been encountered 
on sour cherry, in both orchard and greenhouse. The relations of yellows, 
necrotic ring spot, chlorotic ring spot, and rosette have not yet been satis- 
factorily clarified. 

EXPEBIMENTS ON THE CAUSE OP THE DISEASE 

Microscopic examinations and other laboratory studies of the diseased 
tissues show^ed no evidence that a fungus or bacterium has a causal relation 
to the disease. 

Various fertilizer treatments were started early in the course of this 
investigation in order to determine whether the yellow leaf’’ condition was 
the result of a deficiency of some necessary element or whether addition of 
some element or elements might affect the course of the disease or the ex- 
pression of symptoms. PeiTous sulphate, zinc sulphate, manganese sulphate, 
borax, ammonium sulphate, potassium chloride, and calcium superphosphate 
were used alone and in various combinations in relatively heavy applications 
to the soil under diseased and healthy trees in the fall of 1937 and the spring 
of 1939. Injections in the trunks of diseased trees were made in 1937 with 
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solutions of each ferrous sulphate, manganese sulphate, and zinc sulphate. 
Several diseased trees were severely pruned in 1938. Visual examinations 
of the experimental trees in 1938, 1939, and 1940 showed that none of the 
diseased trees had been cured. Additional experiments with fertilizing, 
mulching, and pruning were started in 1940 to discover further evidence 
regarding the extent to which the course of development of the disease and 
yield of the affected trees might be modified. 

Transmission from Sour Cherry to Sour Cherry by Budding 

The varieties used were Montmorency and Early Richmond. The results 
from these were indistinguishable and are, therefore, not listed separately. 

Experimsnis of 1937-1938. Preliminary experiments were initiated in 
1937 to determine whether the disease is bud-transmissible. The results in 
1938, though inconelusive, strongly suggested that the disease had been 
transmitted. 

Experiments of 1938-1939. In 1938, reciprocal budding experiments 
with diseased and healthy trees were started in 3 orchards. The budding 
treatments, number of trees used, and results in 1939 are shown in table 2. 


TABLE 2 . — Summary of - data on transmission of cherry yellows Toy hudding, 
Sturgeon Bay, Wis., 1B38-1939 


Budding of trees in 1938 


■Results in 1939 


Treatment 

Treated 

or 

control 

Shoots developed 
from inserted buds 

Condition of trees 


trees 

Healthy 

Diseased 

Healthy 

Diseased 

i Doubtful 

Buds from diseased 
trees'^ inserted in 

Number 

Number 

Number 

Number 

Number 

Number 

healthy trees 

Buds from healthy 
trees inserted in 

24 

0 

3 

0 

20 

4b 

diseased trees 

Controls : healthy 

8 

0 

4 

0 

8 

0 

trees not budded .. 
Control: buds from 
healthy trees in- 
serted in healthy 

13 



13 

i 

0 

0 

tree 

1 

0 

0 

1 

0 

0 


a Buds were inserted from 10 diseased trees, and tlie disease was transmitted from 
each of these trees. 

All these trees showed typical leaf symptoms of the disease in 1940. 


The details are omitted, except for the chief experiment, which is briefly 
described as follows : 

Twenty-eight 3-year-old Montmorency trees planted 6 feet apart in a row 
were used. Symptoms of the disease appeared on 1 of these trees in 1936, 
before the experiment was started, and each year thereafter. 

One or more buds from diseased trees were inserted in each of 15 appar- 
ently healthy® trees in late July and early August, 1938. None of the buds 

3 Trees are hereinafter referred to as healthy when they showed no symptoms of the 
disease at the time of observation. 
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from diseased trees put out shoots, although union of tissues between the 
inserted bud-piece and the budded tree occurred in many cases. In 1939, 
11 of these 15 budded trees showed definite leaf symptoms of the disease 
(Fig. 4). These leaf symptoms ^\'ere more pronounced on the branches close 
to the place of bud insertion ; however, some diseased leaves were found on 
all branches of the trees. Doubtful symptoms occurred on the remaining 4 
budded trees. In each of these cases it was doubtful whether there had been 
union of tissues of bud-piece and branch. All of these 4 trees, without 
further treatment, showed typical symptoms in 1940. 
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Sixty-nine young Montmorency trees planted in 1939 at 2-foot intervals 
in rows 20 feet apart were used in the experiments on transmission of the 
disease by budding and by leaf hoppers. One of these trees showed the 
symptoms of the disease in 1939 before the experiments were started, and 
2 others were doubtful. 

Buds from diseased Montmorency and Early Kichmond trees w^ere in- 
serted in 27 healthy trees and 1 that was doubtful. Twenty-six of these trees 
showed the characteristic leaf symptoms in 1940, and 2 were doubtful. In 
all cases in w^hich union was observed between the tissues of bud-piece and 


TABLE 3 . — Summary of data on transmission of cherry yellows hy budding, 
Sturgeon Bay, Wis., 1939— 1B40 


Budding of trees in 1939 


Results in 1940 


Treatment 

Treated 

or 

control 

Shoots developed 
from inserted buds 

Condition of trees 


trees 

Healthy | 

Diseased 

Healthy 

Diseased 

Doubtful 

Buds from diseased^ 
trees inserted in 

NiMuher 

Number 

Number 

\ 

Number 

Number 

Number 

iiealtliy trees 

Buds from Iiealtliy 
trees inserted in 

52 

0 

1 

1' '1 

6 

40 

6 

diseased trees 

Controls : Iiealtliy 

6 

0 

3. 

0 

6 

0 

trees not budded.. 
Controls: buds from 
healthy trees in- 
serted in healthy 

32 



26 

0 

6b 

trees 

18 

17 

0 

16 

2 

0 


a Buds were inserted from 17 diseased trees and the disease was transmitted from each 
of these trees. 

b Observations were complicated by occurrence of leaf spot. 


tree the disease was transmitted. One of the diseased buds put forth a shoot, 
which was diseased. 

A bud from a healthy tree was inserted in the tree that was diseased 
when the experiment was begun. The bud put out a shoot that showed the 
typical leaf symptoms in 1940. 

Buds from healthy trees were inserted in 2 healthy trees. One bud put 
out a shoot, which was healthy. Both trees were healthy in 1940. 

Twenty-two healthy trees were left unbudded as controls. An outbreak 
of leaf spot complicated the observation of results in 1940. Sixteen of these 
control trees showed no evidence of the symptoms of the virus disease. Six 
were noted as doubtful but were thought much more likely to be free of the 
disease than to have it. 

It is noteworthy that the experiments summarized in table 3 included 
transmission of the disease from 8 trees to which it had been transmitted by 
budding in 1938. In 1939, buds from such trees were inserted in 22 healthy 
trees, all of which showed typical symptoms of the disease in 1940. 


458 


Phytopathology 


[VoL. 33 



buddhilr* on malialeb to which the disease had been transmitted by 

budded trees. Bight, healthy 

ConchisioHS 

Prom the lark of asaofiation of a bacterium or a fungus with the disease, 
>e negative results from treatments with minor elements or fertilizers, the 


Discussion. Tlie foregoing experiments show that the disease on sour 
elierrr is readilj transmissible by budding. Diseased buds inserted in 
liealthy trees usually failed to put out shoots. This was doubtless due in 
large measure to the fact that blossom buds were much more prevalent than 
leaf buds on the bud wood used. Howwer, some union of tissues of bud- 
piece and the budded tree commonly occurred, and in all such cases observed 
the disease was transmitted. Transmission of the disease occurred in some 
cases in which it -was uncertain w^hether there had been such union of tissues. 
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results of tlie budding experiments, and the type of symptoms, it is con- 
cluded that the inciting cause of the disease is a virus or viruses. 


PRELIMINARY EXPERIMENTS ON HOST RANGE 

When, in the summer of 1939, it became clearly apparent that the disease 
is bud-transmissible and evidently incited by a virus or viruses, preliminary 
experiments on host range were initiated. Special interest attached to the 2 



Eig. 6. Leaves from a large Montmorency tree to which the disease had been trans- 
mitted by budding from a mahaleb that had been budded from diseased sour cherry. 
Left, leaf taken near place of budding, showing typical symptoms. Eight, leaf from 
opposite side of the tree, showing no symptoms. (The lighter areas represent spray 
residue.) 

stocks on which sour cherry is commonly propagated, mahaleb {Prumis 
maJialel) Jj.) wad mazzard (P. avium L.), and to other wild or cultivated 
species of Prunus that occur in the Door County section. It was necessary 
to use such plants as were available. The data thus far obtained are in part 


fragmentary, but in view of the importance of the disease it seems desirable 
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to report them briefly, rather than to await the results of more extensive 
studies. 

Primus mahaleh. In 1937, before transmissibility of the disease had been 
established, buds from diseased sour cherry were inserted in 5 healthy 
mahaleb sprouts. Two of these sprouts grew from the stocks of healthy 
sour elierry trees, 3 from the stocks of sour cherry trees that had died. In 
1938, 1939, and 1940, chlorotic areas developed in some leaves of all of these 
budded sprouts (Pig. 5). Several similar untreated plants did not develop 
such symptoms. Similar symptoms have been observed on leaves of mahaleb 
sprouts from the stocks of diseased sour cherry trees. 


, , symptoms on P, virginiana to whieli the disease had been transmittPf^ 

by budding from sour cherry. A healthy leaf from a control tree is shor at 

Buds from the infected mahaleb sprouts were inserted in 2 healthy sour 
cherry trees in 1939. In 1940, the branches in which the buds were placed 
showed typical leaf symptoms of yellows, while the more remote branches 
showwl no symptoms (Pig. 6). Several trees, left as unbudded controls, 
remained healthy. 

Prunm avium. In 1939, buds from mazzard and 2 unknown cultivated 
varieties ot sweet cherry were inserted in both healthy and diseased sour 
cherry trees. Six shoots grew from the buds placed in healthv trees and 7 
troni those placed in diseased trees. No definite symptoms of the disease 

appeariHl on ally of these shoots in 1940. 

^ Pninus vbgimana L. In 1939, diseased sour cherry buds were inserted 
111 s(‘veral healtliy chokecherry sprouts at one end of a large grout). The re- 



Keitt and Clayton: Virosis of Sour Cherry 


maining sprouts were not budded. Beginning in early June of 1940, leaves 
of all the budded sprouts showed abundant chlorotic ring spotting (Pig. 7) . 
The aifected leaves remained on the trees throughout the summer and did 
not develop the red color characteristic of chokecheriy leaves affected by the 
X disease. The leaves of the control sprouts remained healthy. Similar ring 
spotting of natural occurrence on chokecherry (Pig. 8) was observed in 4 
widely separated areas on the Door County Peninsula in 1940. 


Fig. 8. Naturally occurring symptoms on leaves of a tree of P. virginiana located 
near a sour cherry orchard in which yellows Avas prevalent. 

Primus pemisylvanica L. Buds from diseased sour elierry trees were 
inserted in six healthy pin cherry sprouts in 1939. Union of tissues oc- 
curred on 2 of these. Chlorosis began to appear in the leaves of these 2 
trees in June, 1940. Early in July" some of the basal leaves dropped. The 
chlorotic areas on these leaves w^ere at first light green, later yellow or pink. 
The leaves that remained on the trees showed light green chlorotic areas. 
The other 4 budded sprouts, and 6 similar unbudded ones, did not develop 
chlorosis. Similar chlorotic symptoms of natural occurrence were obseiwed 
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on 1 pin cherry tree adjacent to a sour cherry orchard in which diseased 
trees were prevalent. 

Primus seroiina Ehrh. Buds from diseased sour cherry were inserted 
in 2 healthy black cherry sprouts, and several similar sprouts were left un- 
budcled. Union of tissues of bud-piece and sprout occurred in 1 case. In 
1940, the basal leaves of this sprout showed light green chlorotic areas. 
These leaves were lighter green than normal and dropped in late June or 
early July. The unbudded sprouts showed no chlorosis. One black cherrv 
tree showed naturally occurring symptoms similar to the chlorosis of the 
budded black cherry. 

Discussion. The evidence that has been presented shows conclusively 
that the yellows disease is bud-transmissible from P. cerasus to P. mahaleh 
and back to P. cerasus. It is not yet certain whether the chlorotic symptoms 
incited on P. mahalcl are attributable to the yellows virus or to some asso- 
ciated virus or a virus complex. The data strongly suggest that the yellows 
virus or some associated virus or virus complex is bud-transmissible from 
sour cherry to P. virgimana, P. pennsylvanica, and P. serotina. The results 
Muth P. avium were negative, but subsequent experiments, which will be 
reported in a later paper, have shown that this species may carry the yellows 
virus. 

In a recent paper Easmussen and Cation (19) report transmitting cherry 
yellows from cherry to peach, peach to peach, and peach to cherry. They 
state that 3 strains of cherry yellows virus Avere differentiated by their re- 
actions on peach and mahaleh cherry. Hildebrand (8)‘ reports that cherry 
yellows indexes readily on peach seedings, symptoms appearing in the 
greenhouse within 3 Aveeks after budding. Eesults similar to Hildebrand’s 
have been obtained in greenhouse experiments noAV in progress with budded 
peach stock at Wisconsin. As has been noted by Hildebrand, Berkeley, 
and Cation (9), similar symptoms appear on peach trees affected by the 
sev'ere ring spot virosis described by Cochran and Hutchins (5) . Thomas 
and SaAAdins (22) report a leaf mottle of sour cherry. Further work will 
be required to clarify the relationships of cherry yelloAvs to these diseases 
and other viroses on stone fruits (c/. 9). 

SPREAD OP THE DISEASE IN THE ORCHARD 

Eeeords of Incidence of tlie Disease 

_ A record Avas taken annually from 1936 to 1940, inclusive, on each tree 
in 5 orchards m the vicinity of Sturgeon Bay, containing a total of 2,593 
tm-s (Montmorency and Early Eichmond, 11 to 29 years old in 1940) . The 
observations were made during the major wave of defoliation. Each tree 
was classified as healthy, doubtfully or slightly diseased, moderatelv dis- 
eased, or sm'orely diseased, Naturally, the classification of the stage of the 

uisease varied somewhat with the time of observation and with the seasonal 
ions, 

I nillnr.,mrT/Ar’'"‘l since tlie present paper was completed 

< n.l,ie)„.uul, h. jr. Indexing clierry ydloivs on peach. Phytopatli. 32 : 712 - 719 ! 1942 ) 
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The data, which are summarized in table 4, definitely establish the fact 
that the disease is spreading in the orchards. In 1936, 4.6 per cent of the 
trees in the 5 orchards were moderately or severely diseased, and in 1940, 
16.6 per cent of the trees were thus diseased. The rate of spread varies 
widely with different orchards. The average yearly increase in incidence 
of the moderately and the severely diseased trees in the 5 orchards on which 
the records were taken was 3 per cent of the total number of trees. 

The spread of the disease in a representative portion of orchard 1 of 
table 4 in each year from 1936 to 1940 is shown in figure 9. The percen- 
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NUMBER OF TREES OBSERVED, 
PERCENTAGE OF TREES DEFINITELY 

1936, 8 1938, 14 

1937, 9 1939, 17 

310 

DISEASED*. 

1940,22 





Pig, 9. Incidences of cherry yellows in a portion of orchard 1 (Table 4), Mont- 
moreney yariety, Sturgeon Bay, Wis., 1936-1940. 


tage of trees moderately or severely diseased increased from 8 in 1936 to 22 
in 1940. The increase varied from year to year, the average annual increase 
being 3.5 per cent of the total number of trees. 

In 1940, records of the incidence of diseased trees in 18 orchards con- 
taining 6,588 trees from 1 to 30 years old were taken in the Door County 
|)eninsidar district in the manner described above. The data are sum- 
marized iu table 5. The percentage of the moderately and the severely 

"'Explanation of syinboLs: healthy trees; 6 = trees on which definite symptoms of 

tlie disease were observed in 1936, when the survey wms initiated; 7, 8, 9, 0 = trees on 
wirK'h definite symptoms were first observed .in 1937, 1938, 1939, and 1940, respectively. 
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TABLE 5. — Incidence of cherry yellows in IS orchards, Door County, Wis., 1940 






Trees in different stages of 
the disease in 1940 

Orcimrd 

No. 

Variety 

Age of 
trees 
in 1940 

Trees 

ob- 

served 

Slight 

Moder- 

ate 

Severe 

Total 

of 

moder- 

ate 

and 

severe 

1 

Montmorency 

Years 

1 

Ntimher 

240 

Per 

cent 

1.6 

Per 1 
cent 

0.4 

Per 

cent 

0.0 

Per 

cent 

0.4 

2 

Early Eichmond 

2 

82 

0.0 

22.0 

2.4 

24.4 

3 

Montmorency 

3 

40 

12.5 

30.0 

■ 7.5 

37.5 

4 

Montmorency 

lto8 

680 

0.9 

0.6 

1.5 

2.1 

5 

Montmorency 

8 

520 

2.1 

1.0 

0.6 

1.6 

6 

Montmorency 

8 

260 

16.2 

17.3 

7.0 

24.3 

7 

Montmorency 

8 

333 

3.6 

3.3 

0.6 

3.9 

8 

Montmorency and Early 
Eiclimond 

9 

807 

1.1 

1.2 

2.0 

3.2 

9 

Early Eichmond 

10 

122 

0.8 

1.6 

7.4 

9.0 

10 

Montmorency 

11 

360 

2.8 

5.8 

1.4 

7.2 

11 

Montmorency and Early 
Eichmond 

15 

344 

9.0 

24.7 

13.9 

38.6 

12 

Montmorency 

16 

434 

1.8 

2.0 

8.3 

10.3 

13 

Montmorency 

16 

1250 

3.7 

9.7 

7.4 

17.1 

14 

Montmorency and Early 
Eichmond 

10 to 30 

161 

0.6 

3.1 

5.0 

8.1 

15 

Montmorency and Early 
Eichmond 

20 

354 

1.1 

1.1 

7.6 

8.7 

16 

Montmorency and Early 
Richmond 

10 to 30 

156 

1.9 

6.4 

23.1 

29.5 

17 

Montmorency and Early 
Richmond 

10 to 30 

125 

0.6 

0.6 

5.6 

6.2 

18 

Montmorency and Early 
Eichmond 

29 

320 

1.6 

3.8 

2.8 

6.6 


Total and weighted 
Avs. 


6588 

3.0 

5.7 

5.0 

10.7 


diseased trees in the several orchards varied from 0.4 to 38.6, the weighted 
average for all orchards being 10.7 per cent. There is very little evidence of 
correlation between the age of the orchard and the percentage of diseased 
trees. However, there is probably a correlation between the number of 
trees diseased when received from the nursery and the number of diseased 
trees in the orchard. For instance, the nursery stock used for planting 
orchard 1 must have been nearly free from the disease, while that used for 
planting orchards 2 and 3 evidently included a considerable number of 
diseased trees. Furthermore, there is evidence that demand for large- 
fruited strains of sour cherry has led to some selection of buds from dis- 
eased trees. Orchards 6 and 7 are adjacent blocks, planted at the same 
time and in the same manner. The trees in orchard 6 were specially propa- 
gated as large-fruited strains of Montmorency. Those of orchard 7 were 
ordinary Montmorency. It is noteworthy that at the time of observation 
the percentage of diseased trees in the former orchard was 6 times as great 
as in the latter. 
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Tiie rate of iiicidenee of tlie disea>se appears to be about the same on 
MoiitmorencY and Early Rielimond; and trees of all ages seem susceptible 
(the disease was transmitted by budding to trees ranging from 1 to 29 
years old). 

These data show that the disease is steadily spreading in the orchards 
but indicate that tlie rate of spread is less rapid than is the case with some 
other virus diseases of stone fruits. 

Preliminary Experiments on Insect Transmission^ 

In August, 1939, a preliminary experiment was initiated to seek evi- 
dence on whether leaf hoppers (Cicadellidae) transmit the disease. Leaf 
hoppers of a mixed collection, predominantly of 3 species, taken from apple 
trees, were caged from 1 to several days on diseased Montmorency cherry 
trees, then transferred for 8- to 15-day periods to caged branches of 1- 
year-old Montmorency trees in the planting used in 1939 for experiments 
on transmission of the disease by budding. The same untreated trees that 
served as controls for the budding experiments were used as controls. In 
1940, 4 of the 10 trees that had been subjected to infestation by leaf hoppers 
that had fed on diseased trees were definitely diseased, 4 showed doubtful 
results, and 2 showed no evidence of the symptoms. Of the 22 untreated 
controls, 16 were healthy, 6 were doubtful, and none were definitely dis- 
eased. As stated above, the occurrence of leaf spot on these trees eom- 
])licated the readings. It is thought that the control trees recorded as doubt- 
fid are much more likely to have been free of the virus disease than to 
have liad it. 

Tliough eonfirmation and extension of this preliminary experimentation 
will be necessary before final conclusions are justified, the results give very 
strong evidence that the disease can be transmitted by leaf hoppers. Fur- 
tlier experiments are in progress. 

Preliminary experiments were initiated in 1939 to test the possibility 
that the black elierry aphid {My ms cerasi Fab.) might transmit the disease. 
Aphids taken on July 3 from naturally infected sour cherry trees were 
placed on the leaves of 6 one-year-old Montmorency trees that were en- 
tirely enclosed in cheesecloth cages. Large colonies of aphids developed on 
leaves of 2 of these trees. Two weeks after the aphids had been placed on 
the leaves, the cages were removed and the trees sprayed with a nicotine sul- 
])hate solution to destroy the insects. No symptoms of the disease -were ob- 
served in 1940 on these trees or on 10 similar untreated trees that served as 
controls. 

In other experiments in 1939, black cherry aphids were transferred from 
diseased sour cherry trees to 23 healthy ones, most of which were 1 to 5 
years old. There was little natural occurrence of the disease in the orchards 
in whi(di the tests were made; Approximately 25 to 300 aphids were placed 

worL on iiiHeet transmission is being clone in cooperation with Joliii H. Lilly, 
Dcpartnu'nt of Economic Entomology, University of Wisconsin, and tliis preliminary 
is publislicd witli bis approval. 
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on each tree, and no cages were used. In 1940, all of the 23 trees remained 
healthy, as did 10 untreated trees. 

The results of these experiments, though not conclusive, give strong evi- 
dence that the disease is not transmitted by the black cherry aphid. 

CONTROL MEASURES 

Recommendation of a complete program for control of cherry yellows 
must await the results of further studies. However, the available informa- 
tion clearly indicates certain steps that should be taken promptly. Since 
spread of the disease through nursery stock is an important source for its 
establishment in the orchard, the production and use of disease-free nursery 
stock is of prime importance. Young orchard plantings should be sys- 
tematically inspected and diseased trees promptly removed w^hen symptoms 
appear. In older orchards in which comparatively few trees are diseased, 
it would seem advisable similarly to remove the diseased trees in order to 
lessen the chances for spread of the trouble. Recommendations regarding 
older orchards in Avhich the disease is w^ell established are withheld until 
a fuller knowledge of the disease can be obtained. In the meantime, 
growers are advised to mark and observe all trees that show symptoms of 
yellows. 

SUMMARY 

A destructive disease of sour cherry (Prumis cerasus), tentatively named 
cherry yellows, is incited by a virus or viruses. Aifected trees tend to have 
relatively large leaves, some of which develop conspicuous chlorotic areas. 
The chlorotic leaves and some that are still green are abscised, a major 
wave of defoliation usually occurring about 3 or 4 weeks after petal-fall. 
Diseased trees probably live nearly as long as healthy ones but tend to have 
fewer spurs and sparse crops. 

Reciprocal budding experiments between diseased and healthy sour 
cherry trees resulted in transmission of the disease in all cases in which 
union of tissues of bud-piece and budded tree was observed. 

The virus wms transmitted also by budding from P. cerasus to P. makalel) 
and back to P. cerasus ^ though it is not certain whether the chlorotic symp- 
toms incited on P. hamaleh are attributable to the yellows virus. Limited 
experiments on transmission to other Primus species are reported. 

Records of incidence of moderately or severely diseased trees, taken from 
1936 to 1940, inclusive, in 5 orchards containing 2,593 trees, showed an aver- 
age annual increase of 3 per cent. In 1940, the percentage of such diseased 
trees in 18 orchards, containing 6,588 trees, was 10.7. Montmorency and 
Early Richmond, the varieties dealt with in this work, appear to be equally 
susceptible to the disease. 

Preliminaiy experiments gave strong though not conclusive evidence 
that the disease can be transmitted by leaf hoppers (Cieadellidae). Simi- 
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lar experiments with the black cherry aphid {Mymis cerasi Fab.) gave only 
negative results. 

Further experiments on this disease and its control are in progress. 
UxivERsiTY OP Wisconsin, 

Madison, Wisconsin. 
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PATHOGENICITY STUDIES WITH PUSARIA ISOLATED FKOM 
TOBACCO, SWEET POTATO AND COTTON^ 

T. E. Smith and K. J. Shaws 
(Accepted for publication August 18, 1942) 

INTRODUCTION 

Pusariiiiii wilt of tobacco {Nicotiana tabamm L.), eommonly attributed 
to Fusarium oxysporum Sclil. v. nicotianae Johnson (10), is a minor disease 
of flue-cured tobacco. It is of economic importance at present only in Co- 
lumbus County, North Carolina, near Whiteville and Chadbourn, where it 
lias been present since about 1931. The disease is becoming more serious 
as evidenced by spread during recent years in this and other areas. Pu- 
sarium wilt of tobacco also has been reported from Maryland, Ohio, Ken- 
tucky, Canada, South Africa, and Russia. The disease was attributed to 
F. oxysponcm nicotianae in all reports, but, in South Africa, Doidge (7) 
also isolated in one instance, F. hulbigennm from all parts of the discol- 
ored wood from roots to petiole. Fusarium wilt of cotton (Gossypium 
hirsittum L.), commonly attributed to F. vasinfecium Atk., is a major dis- 
ease, more or less universally present wherever this crop is grown. Fu- 
sarium wait or stem rot of sw^eet potato (Iponiea batatas (L.) Lam.), com- 
inoiily attributed to F. bidhigenum Cke. and Mass. v. batatas Wr. and F, 
oxysponm Schl. f. 2 Wr., is a major disease of this crop and is also more 
or less universally present. In the flue-cured tobacco belt, cotton, sweet 
potato, and tobacco are often grown in rotations on the same fields. The 
host range of Fusaria from these crops w^as originally considered different, 
hence their use in rotations w^as unlimited. However, the w^ork of Arm- 
strong (1, 2, 3) and others raised several questions about the indiscriminate 
growth of these crops on the same soil during successive years. 

RELATION OP SWEET POTATO ROTATIONS TO OCCURRENCE OP PUSARIUM WILT IN 

PLUE-CURED TOBACCO 

At Creedmoor, North Carolina, a few tobacco plants developed fusarium 
wait when growai in a rotation experiment with Granville wilt {Bacterium' 
solanacearum E.F.S.). The fusarium-infected plants w^ere found in 1940 
on a plot wdiere sweet potato was grown in 1936 and 1937, tobacco in 1938 
and sweet potato in 1939. No fusarium wilt developed on tobacco grown 
after redtop grass, crab grass, corn, native weeds, or tobacco. Isolations of 
Fusarium from tobacco were pathogenic to tobacco and sw^eet potato. This 
w^as the only knoAvn occurrence of fusarium wilt in the Creedmoor area. 

1 Cooperative Investigation By U. 8. Department of Agriculture, N. C. Agricultural 
Experiment Station and the N. C. Department of Agriculture. Published with the ap- 
proval of the Director, North Carolina Agricultural Experiment Station, as paper no. 146 
of the Journal Series. 

2 The writers express appreciation for the cooperation of many persons who sent col- 
lections of plant material and cultures or allowed use of their unpublished observations. 
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At the MeCullers Branch Station, MeCnllers, North Carolina, fiisarinm 
wilt of tobacco first appeared in 1938 on a plot planted in 1937 to sweet 
potato heavily inoenlated with a sweet-potato isolate collected in New Jersey 
in 1925 by E. P. Poole.^ A part of this plot was planted to tobacco in 1939, 
1940, and 1941, and fusariiun wilt was present every year, reaching a 
niaxiimun of 50 per cent kill. Cotton, soybeans, and sweet potato have 
have also been gTown on this plot in rotation with tobacco but only tobacco 
and sweet potato had fusarimn wilt. In 1940, fnsarinni wilt of tobacco 
appeared in a crop-rotation experiment being conducted on the root-knot 
disease in a different area of the farm. This experiment was a randomized 
block design with 10 rotations in 4 blocks and the fiisariiim wilt was present 
on tobacco in all 4 plots previously planted to sweet potato, but was absent 
on tobacco grown after corn, cotton, peanuts, velvet beans, soybeans, crota- 
laria, native weeds, oats and native weeds, and bare fallow. The plots were 
enclosed with creosoted-pine boards to control surface water and all culti- 
vation was done with well-cleaned hand tools. Therefore, it was unlikely 
tliat the disease was introduced by surface water or contaminated imple- 
in exits. A small amount of fusarium wait had been observed on sw^eet po- 
tato whenever this crop Avas grown. 

A few tobacco plants with fusarium wait w^ere observed in 1940 on a held 
planted in 1939 to sw^eet potato at the Pee Dee Experiment Station, Flor- 
ence, South Carolina (reported by T. W. GrahanP). 

Similar observations Avere made at the Georgia Coastal Plain Experi- 
ment Station, Tifton, Georgia, by J. G. Gaines.^ In a rotation experiment 
being eondueted on the root knot disease, fusarium ^Y^lt of tobacco was 
observed on a plot where sweet potato Avas grown the previous year. No 
fusarium Avilt developed on tobacco groAvn after coAvpeas, cotton, corn, pea- 
nuts, velvet beans or native AA^eeds on other plots of the experiment. The 
cotton Avas badly AAulted during some years. In 1930, 1931, 1932, and 1933, 
cotton AAms killed 34 to 55 per cent but tobacco groAvn the succeeding years 
showed no wilt. Thus, fusarium Avilt of flue-cured tobacco Avas associated 
wdtli SAveet potato rotations at 4 locations in 3 States. But no wait was 
observed on tobacco groAAm after cotton at these locations. 

OBSERA' ATIONS ON THE OCCURRENCE OP FUSARIUM WILT OP BURLEY TOBACCO 

Fusarium Avilt of Burley tobacco Avas reported by Armstrong (1) at 6 
locations Avhere there wms no record of previous culture of this crop. The 
tobacK'o Avas growm on cotton farms and it w^'as later demonstrated that 
l^usaxda from cotton, okra, and coffee w^eed (Cassia tora) were pathogenic to 
Burley tobacco. Similar observations AA^ere made by E. E. Clayton,^ who, 
in 1941, found fusarium-infected Burley in Northeastern Virginia, AAhere, 
likewise, tliere Avas no record of previous tobacco culture. In addition to 
tlies(‘ obsta’A'afions, fusarium Avilt has been general!}^ found on Burley in 
plantings made for experimental purposes througboiit the Southeastern 

‘m\‘rsonal commimieatioiis. 
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States. It appears that fusarhim wilt of Burley was associated with rota- 
tions of cotton and perhaps other plants. 

PATHOGENICITY TRIALS WITH FUSARIA ISOLATED FROM TOBACCO, SWEET POTATO 

AND COTTON 

Methods 

Several different methods of inoculation were tried: (1) Stem inocula- 
tion with bits of discolored woody tissue from diseased plants. (2) Soil 
inoculation with cultures grown on cornmeal-sand medium. (3) Soil in- 
oculation with macerated diseased stems. (4) Root inoculation made by 
pouring diluted cultures in holes punched in the soil around potted plants. 
(5) Dipping the roots of plants, prior to transplanting, in a diluted culture. 
Some infection was obtained with methods 1, 2, 3, and 4, but the results 
were not consistent. Method 5, a modification of that described by 'Well- 
man (16), was finally adopted because of its simplicity and the fact that 
the results could be duplicated in repeated trials. 

Fusaria were isolated by the writers from fresh specimens of wilted 
plants, designated by collection numbers in the tables, or cultures were ob- 
tained from other workers as indicated. Inoculum was prepared by dilut- 
ing macerated agar-slant cultures or by diluting liquid cultures grown on 
the mineral-nutrient solution plus 1 per cent dextrose. Preliminary trials 
showed that dilutions of 1 part culture to 5 or 20 parts total volume made 
no difference in the end effect. The inoculation technique -was to rinse 
the loosely-held soil from the roots, dip them in diluted inoculum and set 
the plants into steam-sterilized sand in pots or fiats. Umvashed sand ob- 
tained from streams and roadside ditches -was used. Inoculated plants 
were carefully and adequately protected from accidental contamination by 
other Fusaria, as illustrated by the fact that the noniiioculated controls, 
approximately 40 in all, remained healthy. The plants were watered once 
daily with nutrient solution and with tap water as often as required. The 
nutrient solution was prepared b}^ adding boron, manganese, and iron, in 
proper amount, to the stock solution used by McMurtrey (II). 

Fusarium-susceptible strains of test plants were used for all inocula- 
tions. The Jamaica variety of flue-cured tobacco, Judy Pride variety of 
Burley tobacco, Porto Rico variety of sweet potato, and Half and Flalf or 
Cokers 100-1 varieties of cotton were grown. These agronomic varieties 
were employed because they are in general use by farmers in the South- 
eastern States and are representative of the fusarium-susceptible strains of 
their respective crops. Seedlings of tobacco and cotton were grown from 
surface-sterilized pure-bred seed. Cotton was transplanted with ease if 
taken up before the lateral roots became more than 1 or 2 inches long. 
Sprouts of sweet-potato roots or rooted cuttings of field-grow-n vines were 
used for inoculations on this plant. 

In recording the results of inoculations, reliance was placed in the type 
of symptoms observed on the various plants following natural infection 



472 


Phytopathology 


[VoL. 33 


under field conditions. In most eases this was possible because the plants 
made normal growth before wilt symptoms developed. Thus, pathogenicity 
on tobacco and sweet potato was characterized at first by yellowing of the 
leaves, followed later by wilting and in severe eases death. On cotton the 
first symptom wms whiting of the green leaves. Extensive discoloration of 
the stele occurred almost simultaneously wdth wilting. The results on 
Burley tobacco, sw^eet potato, and cotton were clear-cut, that is, these sAuiip- 
tonis were either present or absent and are showui in the tables as 
and respectively. On flue-cured tobacco, howwer, an intermediate 
reaction often wms obtained, w^hieh w^as characterized by whiting of leaves 
whiile still green or by severe stunting. These symptoms have not been 
associated whth fusarium whit of tobacco under field conditions and w-ere 
not considered typical pathogenic effects, but atypical symptoms resulting 
from heavy inoculations. Therefore, the intermediate reaction, indicated 
in the tables by zfc,” wms largely ignored in interpreting the results. Some 
pathogenic effects, such as limited discoloration of the stele and slight 
stunting, follow^ed nearly all inoculations classed as negative, but these were 
disregarded in recording the results. 

Inoculation trials w’ere conducted from August, 1940, through January, 
1942, in the greenhouse at the Tobacco Branch Station, Oxford, North Caro- 
lina. Air temperatures varied from a maximum of 110° P. on bright days 
in mid-summer to a mininiiim of about 60° E. at night and on cloudy days 
in mid-whnter. Results obtained under the higher temperatures of summer 
W'ere duplicated many times under the lower temperatures of mid-winter, 
by allowing a longer period of time to elapse betw^een inoculation and final 
note-taking. In summer a 15-day period wms often adequate, but in winter 
30 or 45 days w^ere often required for the development of decisive results. 
The accuracy of the observations was repeatedly verified by growung the 
plants to maturity. 

Inoculations with Pnsaria from Tobacco 

Fifty-three collections from various commercial types of tobacco from 
5 States w^ere tested and are considered representative of fusarium wait of 
tobacco as it occurs in this country. The results of inoculations on flue- 
cured tobacco, Burley tobacco, sw^eet potato, and cotton are summarized in 
table 1. The collections are tabulated by type of tobacco and by State of 
origin for convenience in reviewing the results. Two different physiologic 
races were collected: (1) The race pathogenic on flne-cnred tobacco, Burley 
tobacco, and sweet potato but nonpathogenic on cotton. (2) The race 
pathogenic on Burley tobacco and cotton and giving the intermediate reac- 
tion on flne-cnred tobacco, in most cases, but nonpathogenic on sweet potato, 
in rcpc^ated trials all isolations were remarkably consistent except on flne- 
tobacco. There was a tendency for certain collections, during storage 
or following reisolation, to lose virnlence for this test plant, even thongli 
they w’ere originally collected, in some eases, from this type of tobacco. 
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I ABLE 1. BesuUs of mooulationa with Fusaria isolated from tobacco 


Result of inoculations on 


Collection and 
year originally 
isolated 


1; 1940 


S; 1940 

9; 1940 
10; 1940 
11; 1940 
12; 1940 
13 ; 1940 
14; 1940 
15; 1940 
19; 1940 

20 ; 1940 
69; 1941 

92; 1941 

99; 1941 
2; 1940 

4; 1940 
6; 1940 
103; 1941 
104; 1941 
105; 1941 
33; 1940 

34; 1940 
35; 1940 
36; 1940 
107; 1941 

E. A. Walker sin- 
gle spore cul- 
tures; 1939 

130; 1941 
E. M. Johnson ^s 
•culture; 1937 

G. M. Armstrong's 
culture 

108; 1941 

E. M* Johnson’s 
culture; 1937 
Do.; 1937 
Do.; 1937 
Do.; 1937 
Do.; 1937 


Type of 
tobacco 


Plue-eured 


do. 

do. 

do. 

do. 

do. 

Maryland 


f Burley 


Collected at 

Flue-cu 

tobaccc 

1 Burley 
tobacco 

Sweet 

potato 


+a + 

_ 

+ 

- 

+ 


Creedmoor. 

5b 0 

0 

1 

0 

5 

0 

K. C. 






Chadbourn, 

17 

0 

0 

2 

0 

17 

0 

jsr. c. 






Whiteville, 

2 

0 

0 

1 

0 

2 

0 

N. C. 






do. 

3 

0 

0 

1 

0 

3 

0 

do. 

1 

0 

1 

1 

0 

2 

0 

do. 

1 

0 

1 

1 

0 

2 

0 

do. 

3 

0 

0 

1 

0 

3 

0 

do. 

do. 

do. 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

2 

2 

2 

.0 

0 

0 

McCullers, 

N. C. 

1 

0 

2 

1 

0 

3 

0 

do. 

1 

0 

1 

1 

0 

2 

0 

Chadbourn, 

1 

0 

0 



1 

0 

N. C. 







Whiteville, 

K. C. 

do. 

Florence, 

S C 

Tifton, Ga. 

do. 

do. 

do. 

do. 

Upper Marl- 
boro, Md. 
Maryland 
do. 
do. 
do. 

Charles Co., 

Md. 

do. 

do. 

do. 

do. 

Florence. 

S. C. 

South Caro- 
lina 
do. 

Lexington 

Ky. 
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TABLE 1.— Concluded 





Result of inoculations 

on 


Colleetion and 
year originally 
isolated 

Type of 
tobacco 

Collected at 

<p 

3 o 
o o 

o 1 

si 

p-i o 

CD o 

Tl ^ 
oq 3 

o 

II 

o 

+3 

O 





+a + _ 

+ - 

+ - 

+ 

- 

E. M. Johnson's 
culture; 1935 

Burley 

Carter City, 
Kv. 

2 0 0 

1 0 

2 0 

0 

2 

Do.; 1935 j 

do. 

Middlesboro, 

Ky. 

Oil 

1 0 

0 2 

3 

0 

Do.; 1935 

do. 

Spurlington, 

Ky. 

2 0 0 

1 0 

2 0 

0 

3 

Do.; 1935 

do. 

Maysville, 

Ky. 

3 0 0 

1 0 

3 0 

0 

3 

Do.; 1937 

do. 

Logan Co., 
Kv. 

0 2 0 

1 0 

0 2 

2 

0 

Do.; 1937 

do. 

Todd Co., 

Ky. 

0 2 0 

1 0 

0 2 

3 

0 

Do.; 1937 

do. 

do. 

0 0 1 

1 0 

0 1 

1 

0 

Do.; 1937 

do. 

J eff erson 

Co., Ky. 

1 0 0 

1 0 

1 0 

0 

1 

Do.; 1937 

do. 

Christian 

Co., Ky. 

10 0 

1 0 

1 0 

0 

1 

Do.; 1933 

do. 

Mercer Co., 
Ky. 

0 10 

1 0 

1 0 

0 

1 

Do.; 1935 

do. 

Boone Co., 

10 0 

2 0 

2 0 

0 

2 

Do.; 1937 

Oiic-sueker 

dark 

Logan Co., 

Ky. 

oil 

1 0 

0 2 

2 

0 

Do.; 1937 

do. 

Todd Co., 

Ky. 

Simpson Co., 
Ky. 

Oil 

2 0 

0 2 

2 

0 

Do.; 1937 

do. 

0 10 

1 0 

0 1 

1 

0 

Do.; 19.31 

Dark-dre- 

eured 

Graves Co., 
Ky. 

111 

3 0 

3 0 

0 

4 

Do.; 1937 

do. 

Simpison Co., 
Ky. 

0 0 1 

0 2 

0 1 

2 

0 

Do.; 1937 

do. 

Logan Co,, 

Ky. 

0 10 

1 0 

0 1 

1 

0 


a Explanation of methods used in recording results: L means pathogenic, character- 
ized hy extensive discoloration of stele in combination with yellows and wilt on tobacco 
and sweet potato or wilt only on cotton. ± means intermediate reaction, characterized by 
severe stunting or slight wilt of green leaves. - means nonpathogenie. 

^3 To obtain the total trials on each test plant, add the entries in each cell of the table. 

Collection number 7 from Chadbourn, North Carolina, was the most viru- 
lent and this culture maintained virulence for flue-cured tobacco and sweet 
potato, without transfer, for 12 months. 

In considering isolations from flue-cured tobacco, all the isolates except 
one (No. 105 from Tifton, Georgia) belong to the race pathogenic on sweet 
pfdatocs. Among isolates from Maryland tobacco, the race pathogenic on 
sweet potato also predominated, but one collection (Johnson’s Culture; 
ll):i7) from the experimental plots at Florence, South Carolina, was patho- 
gen ic on (‘ottoii. From Burley, one-sucker, and dark-fire-cured tobaccos, the 
race patliogenw! for tobacco and sweet potato and the race pathogenic for 
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Burley and cotton were obtained in approximately equal numbers. Arm- 
strong’s collection from Burley in South Carolina was pathogenic on cotton, 
as pointed out by that investigator (3). 

Eesults of Inoculations with Pusaria from Sweet Potato 

Twenty-two collections from sweet potato were tested, 19 from widely 
scattered localities in North Carolina, 2 from South Carolina and 1 from 
Georgia. The results of inoculation trials are given in table 2. All 

TABLE 2 . — Results of inoculations with Fusaria isolated from sweet potato 


Eesults of inoculations on 


Colleetiou i 
and year 
originally 
isolated 

Oollected at 

Flue- 

cured 

tobacco 

Burley 

tobacco 

Sweet 

potato 

Cotton 

-f-a 

± 


+ 

- 

+ 

- 

+ 

- 

41; 1940 

MeCullers, N. C. 

lb 

0 

1 



2 

0 

0 

1 

42; 1940 

do. 

0 

1 

0 

1 

0 

2 

0 

0 

1 

43; 1940 

Creedmoor, N. 0. 

0 

1 

1 

1 

0 

2 . 

0 

0 

1 

51; 1940 

do. 

0 

0 

2 

1 

0 

2 

0 

0 

1 

57; 1940 

Oxford, N. G. 

0 

0 

2 

1 

0 

2 

0 

0 

1 

58; 1940 

Creedmoor, N. C. 

0 

0 

2 

1 

0 

2 

0 

0 

1 

59; 1940 

do. 

0 

0 

3 

1 

0 

3 

0 

0 

2 

60; 1940 

Baleigh, N. C. 

0 

0 

4 

1 

0 

4 

0 

0 

3 

61; 1940 

do. 

1 

5 

7 

1 

0 

13 

0 

0 

13 

62; 1940 

do. 

0 

1 

1 

1 

0 

2 

0 

0 

1 

64; 1940 

Oxford, N. C. 

0 

0 

2 

1 

0 

2 

0 

0 

1 

70; 1941 

Whiteville, N. C. ! 

1 

0 

1 

1 

0 

2 

0 

0 

2 

80; 1941 

do. 

1 

0 

1 

1 

0 

2 

0 

0 

2 

83; 1941 

Kinston, N. 0. 

0 

1 

1 

1 

0 

2 

0 

0 

2 

89; 1941 

do. 

1 

0 

1 

1 

0 

2 

0 

0 

2 

91; 1941 

Dover, N. C. 

1 

0 

1 

1 

0 

2 

0 

0 

2 

93; 1941 

Whiteville, N. C. 

2 

0 

0 

1 

0 

2 

0 

0 

2 

94; 1941 

Dover, N. C. 

0 

0 

2 

1 

0 

2 

0 

0 

2 

95; 1941 

Clinton, N. C. 

1 

1 

0 

1 

0 

2 

0 

0 

2 

72; 1941 

Florence, S. C. 

0 

1 

1 

1 

0 

2 

0 

0 

2 

73; 1941 

Nichols, S. C. 

0 

2 

0 

1 

0 

2 

0 

0 

2 

102; 1941 

Tifton, Ga. 

0 

0 

2 

1 

0 

2 

0 

0 

2 


a Explanation of nietliods used in recording results: + means pathogenic, character- 
ized by extensive discoloration of stele in combination with yellows and wilt on tobacco 
and sweet potato or wilt only on cotton. ± means interinediate reaction, characterized by 
severe stunting or slight wilt of green leaves. ~ means nonpatho genic. 

^ To obtain the total trials on each test plant, add the entries in each cell of the table. 

collections were consistently pathogenic on Burley tobacco and sweet po- 
tato but nonpathogenie on cotton. On flue-cured tobacco, 8 of the 22 col- 
lections were able to cause typical fusarium wilt symptoms in one or more 
trials. Collections from Me Cullers and Whiteville, North Carolina, were 
expected to be pathogenic for tobacco because fusarium wilt on flue-cured 
tobacco is generally present in the Whiteville area and to a limited extent 
at Me Cullers. However, collections from areas far removed from known 
infestations of fusarium wilt of tobacco were pathogenic for flue-cured 
tobacco. For example, eolleetions 89, 91, and 95 were made at locations 
a])jyroximate]y 30 to 90 miles from the nearest known tobacco infestations. 
These results explain the previously cited field observations by vshowing that 
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THf-PS pEtlio^'Ciiic for fiii6“Cur6cl tobEcco do occEsioiiElly occur in swcot po- 
tato. When, however, they are kept in culture, they generally lose viru- 
lence for flne-eurecl tobacco. The susceptibility' of Bmley tobacco to all 
sweet-potato collections was striking (Pig. 1). Complete yellowing of the 



I'm. 1. Susceptibility of Burley tobacco to an isolate from sweet potato. General 
yellowing of tlie leaves occurred 5 to 10 days after inoculation and deatli followed within 
a few days. Similar results were obtained with all isolates from tobaecoj sweet potato, 
and cotton. 

leaves occurred 5 to 10 days after inoculation, and death followed immedi- 
ately. In several different comparisons, there was a close parallel in the 
development of symiptoms following iiioenlations on Burley with isolates 
from sweet potato, nonpathogeiiic for flne-enred tobacco, and isolates patho- 
genic for flue-cured tobacco. Burley tobacco, therefore, was as susceptible 
to races parasitic on sweet potato alone as to races parasitic to sweet potato 
and flue-cured tobacco. 

Results of Inoculation with Fusaria from Cotton 

Nineteen collections from cotton were tested, of wdiich 13 came from 
North Carolina, 5 from South Carolina, and 1 from Georgia. The results 
of inoculation tiuals are summarized in table 3. All collections were con- 
sistently pathogenic for Burley tobacco and cotton but nonpathogenic for 
sweet potato. Nearly all collections gave the intermediate reaction on flue- 
eured tobacco. However, in repeated trials with several isolates w^hich 
ax^peared to have the most viruleiiee for this tevSt plant, no typical yellowing 
of the leaves was obtained. The results %vere in agreement with observa- 
tions in the field, previously cited, and show that Burley w^as susceptible to 
the cotton Pusarhm. Flue-eured tobacco was not susceptible to any eotton 
collection, but from the results with collection 105 (Table 1) it appears that 
the cotton race may parasitize this type of tobacco to a limited extent. The 
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TABLE 3 . — Eesults of inoculations with Fusaria isolated from cotton 


Eesults of inoculations on 


Collection 
and year 
originally 
isolated 

Collected at 

Elue- 

cured 

tobacco 

Burley 

tobacco 

Sweet 

potato 

Cotton 

+a 

± 

- 

+ 

- 

+ 

■“ 

■ + 

- 

71; 1941 1 

Oliadbourn, N. C. 

Ob 

2 

1 

1 

0 

0 

3 ; 

3 

0 

77; 1941 

Lmnberton, N. C. 

0 

2 

1 

1 

0 

0 

3 1 

3 

0 

78; 1941 

Wbiteville, N. C. 

0 

1 

1 

1 

0 

0 

2 

1 

1 

79; 1941 

Eayettevilie, N. 0. 

0 

3 

0 

1 

0 

0 

3 

3 

0 

82; 1941 

Cbadbourn, N. C. 

0 

2 

1 

1 

0 

0 

3 

2 

1 

84; 1941 

Kinston, N. C. 

0 

3 

1 

2 

0 

0 

4 

1 4 

0 

87; 1941 

do. 

0 

1 

1 

1 

0 

0 

2 

: 2 

0 

88; 1941 

do. 

0 

1 

1 

1 

0 

0 

1 

^ 2 

0 

96; 1941 

Elizabethtown, N. C. 

0 

1 

1 

1 

0 

0 

2 

2 

0 

97; 1941 

Kinston, N. C. 

0 

2 

1 

1 

0 

0 

2 

3 

0 

98; 1941 

Elizabethtown, N. C. 

0 

1 

1 

1 

0 

0 

2 

2 

0 

100; 1941 

Mount Olive, N. C. 

0 

1 

1 

1 

0 

0 

2 

1 2 

0 

101; 1941 

Kinston, N. G. 

0 

0 

2 

1 

0 

0 

2 

1 1 

1 

65; 1940 

Elorenee, S. C. 

1 0 

0 

2 

1 

0 

0 

2 

! 2 

0 

66; 1940 

do. 

1 0 

13 

4 

1 

0 

0 

17 

1 16 

1 

67; 1940 

do. 

0 

1 

1 

1 

0 

0 

2 

1 '2 

0 

74; 1941 

Mullins, S. 0. 

1 0 

2 

1 

2 

0 

0 

3 

3 

0 

Armstrong 

■ C South Carolina 

0 

3 

0 

1 

0 

0 

3 

3 

0 

cultures 

|do. 

0 

3 

0 

1 

0 

0 

3 

3 

0 

106; 1941 

: Tifton, Ga. 

1 0 

1 

1 

1 

0 

0 

2 

2 

0 


a Explanation of methods used in recording results : + means pathogenic^ character- 
ized by extensive discoloration of stele in combination with yellows and wilt on tobacco 
and sweet potato or wilt only on cotton. ± means intermediate reaction, characterized by 
severe stunting or slight wilt of green leaves. - means nonpathogenic. 

b To obtain the total trials on each test plant, add the entries in each cell of the table. 


host range of all cotton collections was the same as that of the cotton-yirnlent 
race isolated many times from Burley and dark tobaccos but rarely from flue- 
cured and Maryland types. 

EXPERIMENTS ON THE STABILITY OP PATHOGENICITY DURING REPEATED INOCULA- 
TION AND REISOLATION FROM RESISTANT PLANTS AND DURING STORAGE 

It was noted in many eases that invasion occurred after inoculation, but 
typical wilt symptoms did not develop. The question arose as to whether 
the pathogenicity of such weak invaders could be increased by repeated 
inoculation and reisolation. The question was first investigated with a 
colleetion originally isolated from flue-cured tobacco (No. 7, Table 1). This 
culture was inoculated into and reisolated from cotton 4 times. Attempts 
to reisolate the culture following the fourth inoculation were unsuccessful, 
and this series was discontinued with the conclusion that it had not increased 
in virulence for cotton but was still pathogenic for tobacco and sweet potato. 
A sweet-potato collection (No. 61, Table 2) gave the intermediate reaction 
on flue-cured tobacco when originally tested. During 7 passages through 
this type of tobacco, it varied in virulence from typically pathogenic, with 
the production of leaf yellowing, to apparently nonpathogenic. The typical 
symptoms developed following inoculation with the fifth reisolation in July, 
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1941, during an exceptionally hot period, when inaxiinum temperatures 
averaged about 100° F. Keisolations gave the usual intermediate or nega- 
tive reactions in later trials and it was concluded that virulence had not been 
increased- The culture retained its virulence for sweet potato throughout 
the 7 passages through tobacco. A cotton collection (No. 66, Table 3) also 
gave the intermediate reaction on flue-cured tobacco when originally tested. 
During 7 passages through tobacco, it varied from the intermediate reaction 
to apparently nonpathogenic but maintained virulence for cotton. From 
these tests, it was concluded that increases in virulence for resistant plants 
w-ere not obtained by repeated inoculation and reisolation from them and 
that pathogenicity was a relatively stable characteristic under the experi- 
mental conditions provided. Howevex^ there was a partial loss of viiuilence 
in many collections duidng storage. Several isolates from tobacco or sweet 
potato that were pathogenic on flue-cured tobacco in the first test, were 
weakly or nonpathogenic in later trials on this test plant, but retained viru- 
lence for sweet potato throughout the storage period. An unusually inter- 
esting illustration of partial loss in viiuilence was one of Johnson’s cultures 
isolated in 1937 from dai'k-fire-eured tobacco in Simpson County, Kentucky. 
This isolate, when tested in 1941, was nonpathogenic on either type of to- 
bacco, but had retained virulence for cotton. 

MISCELLANEOUS INOCULATION TRIALS 

Additional pathogenicity trials not reported in earlier sections of the 
paper were eonducted, using the methods previously described. Flue-cured 
tobacco, sweet potato, and cotton wei’e not susceptible to one isolate from 
wilted eowpeas collected in a field where fusarium wilt was present on 
tobacco. Tomato was not susceptible to one collection of the sweet-potato- 
virulent race from flue-cured tobacco. Tests with Irish potato were not 
conclusive because of the difficulty of obtaining fusarium-free plants. In 
two different sets of inoculations, the control plants developed symptoms 
characteristic of Fusarium oxysporum and F. solani e%imartii^ as described by 
(joss (8). It was clear, however, that Iiush potato was not susceptible to 
all Fiisaria from tobacco, because many plants remained healthy after inocu- 
lations with several tobacco collections. Cultures of 2 Fusaria from Irish 
potato were obtained from R. W. Goss of the Nebraska Agricultural Experi- 
ment Station. F. oxysporum Schl. was nonpathogenic in all trials on flue- 
cured tobaeeo, Burley tobacco, cotton, and on root-knot-free sweet-potato 
sprouts. However, in one test on heavily-galled sweet-potato sprouts, F. 
oxysporum. produced symptoms indistinguishable from those caused by 
sweet potato or tobacco collections. F. solani (Mart.) App. and Wr. v. 
euhiarhi (Carp.) Wr. (Syn. F. eumartii) caused no symptoms of wait on 
flue-cured to])a,cco, Burley tobaeeo, sweet potato, or cotton, but both types 
of tobacco were stunted and had slightly yellowed leaves. Examination 
showed stem-rot symptoms similar to those ascribed to Fitohacivorum, Delac. 
(6). A second test with the original culture and a reisolation from stem 
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lesions on Burley tobacco g’ave similar results. The symptoms differed from 
''sore sliinl’ of tobacco caused by BMmctonia sp. in that the lesion was near 
the base of the stem well below the soil surface and in the area where the 
larger roots emerged. It is possible that Delacroix worked with a Ftisarmm 
similar to F. solani eumartii. 

DISCUSSION 

The limitations of host range tests based exclusively on artificial inocula- 
tions have been pointed out by the senior writer (15). It was shown that 
inoculation by artificial methods was not always a reliable method for deter- 
mining susceptibility to a soil-borne disease. Heavy inoculation -with the 
parasite and its byproducts combined with mechanical injury involved in 
the operation might break down the mechanism of resistance in plants. In 
that case the results obtained would not agree with disease occurrence under 
field conditions. The pathogenicity studies here reported are supported 
by field observations of an unusual type. The greater part of the obser- 
vations, those made at Creedmoor and McCullers, North Carolina, and Tif- 
ton, Georgia, were made on plots of crop-rotation experiments conducted 
under controlled conditions to study other diseases. Hence, observations at 
these locations have the same w^eight as results obtained in experiments 
planned specifically for the study of the relation of preceding crop to the 
occurrence of fusarium wilt of tobacco. The observations of Armstrong (1) 
were made under less rigidly controlled conditions but are of much value 
because the tobacco on wdiich wait occurred was grown in areas where there 
was no record of the previous culture of this crop. In a study of this type, 
the writers feel that the accuracy of the inoculation technique is determined 
by whether the results of pathogenicity trials agree wuth occurrence of the 
disease under field conditions. The field observations demonstrated two 
relationships. First, the occurrence of fusarium wult of flue-cured tobacco 
was associated with rotations of sweet potato. Second, the occurrence of 
Fiisarnmi wilt of Burley tobacco was associated wuth rotations of cotton. 
Inoculation trials confirmed these two observations by demonstrating that 
certain isolates of Fusaria from sweet potato caused wdlt of flue-cured 
tobacco and that all isolates from cotton caused wilt of Burley tobacco. 

Cross-inoculations with Fusaria from flue-cured tobacco, Burley tobacco, 
cotton and sweet potato demonstrated that their host range over-lapped 
(Fig. 2). For example, collections from tobacco w-ere always pathogenic 
on another plant, either sweet potato or cotton but not on both. Collections 
from sweet potato were ahvays pathogenic on Burley tobacco, sometimes 
pathogenic on flue-cured tobacco and never pathogenic on cotton. Collec- 
tions from cotton were consistently pathogenic on Burley tobacco, mildly 
pathogenic or negative on flue-cured tobacco, but negative on sweet potato. 
The wide variability of Fusaria of section Elegans with respect to micro- 
scopic and cultural characteristics has been demonstrated by many inves- 
tigators (12, 14, 17, and others), but pathogenicity within the same species” 
was thought to be much more constant. However, the data reported here 



Fia* 2, Pathogenieity of Fusaria from tobacco, sweet potato, and cotton. Left to 
riglit: Flue-enred tobaccoj Buidey tobacco, cotton, and sweet potato. A. Noninoculated 
controls. B. Isolate from flne-eured tobacco. 0. Isolate from sweet potato. D. Isolate 
from cotton. 

and the work of Hansford (9) and Armstrong et al. (3)^ and others show 
that pathogenicity may not he restricted to the plant species from which a 

race was isolated. 

*iBiiice the preparation of this manuscript the investigations of Armstrong and asso- 
ciates have been published in Phytopath, 32: 685-698. 1942. 
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A reasonable supposition about the origin of the various '‘species and 
varieties’’ of the Blegans section would be that there is one species, con- 
sidered perhaps as F. oxysponim SchL, of more or less universal presence 
in the soil. It would then follow that various pathogenic races have devel- 
oped w^henever susceptible plants were grown for an adequate period of 
time. These races may or may not be pathogenically restricted to a single 
plant species ; hence, in order to show the virulence of a single isolate for 
more than one host, a system based on physiologic races has some merit and 
requires consideration. For example, 93 of the 94 collections from tobacco, 
sweet potato and cotton can be separated into 3 physiologic races by the 
results of cross inoculations on these plants as shown in table 4. The one 


TABLE 4 . — Summary of inoculation trials with vascular Fusaria isolated from 
tohacco, sweet potato, and cotton 


Physiologic 

race 

number 

Number of 


Besults of inoculations on 


isolates 

obtained 

from 

Flue- 

cured 

tobacco 

Burley 

tobacco 

Sweet 

potato 

Cotton 


Sweet 

potato 





1 

14 

— 

4- 

4 

— 

2 

8 

Cotton 

+ 

4- 

4 


3 

19 

Elue-cured 

tobacco 


4* 


4 

2 

20 

+ 

4- 

4 

- 

3 

1 

Maryland 

tobacco 


4- 


4 

2 

7 

+ 

-i- 

4 

— 

3 

1 

Burley 

tobacco 


+ 


4 

1 

1 

■ - 

4 

4 


2 

11 

+ 

4- 

4 


3 

6 

Bark 

tobaccos 


4 


4 

2 

1 


‘4 

4 

- 

3 

4 

— 

4 

- 

4 

3? 

1 

— 

— 


4 


collection not conforming to this system was Johnson’s culture, 1937, from 
dark-fire-cured tobacco in Simpson County, Kentucky. This collection could 
be considered as race 3 when originally isolated but as having lost virulence 
for Burley tobacco while kept in storage ; therefore, all 94 collections could 
be said to conform. Many problems, however, such as standardization o£ 
inoculation technique, maintenance of virulent cultures, and standardization 
of genetic resistance of test plants, must be wnrked out before a system 
based on physiologic races could be used successfully. Pathogenicity should 
be the major criterion for the classification of wilt-producing Fusaria, as 
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pointed out bv several workers. Snyder and Hansen (12) proposed a new 
system based on assumed pathogenicity for single plant species. Wilt of 
sweet potato was attributed to Fusarium oxysporuni f. hatatas, wilt of 
tobacco to F. oxysporuni f. nkotiame and wilt of cotton to F. oxysporuni f. 
vasinfecinni. Pathogenicity is not that uniform, as showm in table 4. 

Tn considering the practical application of these lesults, the main con- 
clusions have been verified by field observations and appear to be well 
founded. It is pointed out that fusarium wilt of tobacco is caused by races 
of the fungus virulent for sweet potato, cotton, and perhaps othei plant 
species. The use of crop rotations combining sweet potato and all types of 
tobacco is a hazardous practice because both crops are susceptible to a com- 
mon race of the parasite. In areas where the disease is present on flue-cured 
tobacco this combination of crops is exceptionally hazardous because nearly 
all of the collections from this type of tobacco attacked sweet potato. Fields 
have been observed in the Whiteville-Chadbourn area of North Carolina in 
Avhich successive crops of flue-cured tobacco and sweet potato were badly 
damaged by fusarium wilt. The use of rotations combining cotton and flue- 
cured tobacco appears to be a safe practice even though most collections from 
cotton (table 3) were able, to a limited degree, to parasitize this type of 
tobacco. Burley tobacco was susceptible to all collections from sweet potato 
and cotton. Therefoi’e, this tj'pe of tobacco would probably be subject to 
fusarium wilt at most locations throughout the Southeast, as observed by 
Armstrong (1), who found wilt in 6 of 8 fields examined. The situation 
on Maryland tobacco was not extensively surveyed, but all Maryland collec- 
tions were virulent for flue-cured tobacco and sweet potato, while one collec- 
tion made in the cotton belt at Florence, South Carolina, was virulent for 
cotton. It appears, then, that fusarium wilt of all types of tobacco may 
be caused by a race of the fungus pathogenic on sweet potato, but on Burley 
and dark-fired tobaccos it is also caused, in many instances, by a different 
race of the fungus, which also is pathogenic on cotton. 

SUMMARY 

Field observations suggested a close relation between Fusaria causing 
wilt of tobacco, sweet potato, and cotton. 

Pathogetiieity trials with 53 collections from tobacco showed that 
fusarium wilt of tobacco in these cases wms caused by races of the fungus 
virulent on sweet potato or cotton but not on both. The race pathogenic 
on sw'eet potato w'as obtained in nearly all collections in North Carolina, 
Bouth Carolina, and Georgia from flue-cured tobacco and in Maryland from 
Mar\-land tobacco. Kaees pathogenic on sw'eet potato or cotton were col- 
lected in approximately equal numbers in Kentucky from Burley and dark 
tobaccos. 

Ihithogenicity trials with 22 collections of Fusarium from sw'eet potato 
showed that all w^ere pathogenic on Burley, some but not all pathogenic on 
tlue-ciired tobacco, and all negative on cotton. 
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Pathogenicity trials with 19 collections of Ftisariiim from cotton were 
all pathogenic on Burley tobacco, slightly pathogenic or negative on flue- 
cured tobacco, and negative on sweet potato. 

All 94 collections could be grouped into 3 physiologic races on the basis 
of results of inoculation on flue-cured tobacco, Burley tobacco, sweet potato, 
and cotton. The data show that more emphasis should be given to patho- 
genicity in the classification of Fusaria of the Elegans section. 

Ill conclusion, it is pointed out, that the use of crop rotations combining 
the growth of sweet potato and all types of tobacco is a hazardous practice. 
Both crops are susceptible to a wide-spread race of Fiisarium. 

The groivth of Burley and dark tobaccos in rotation with cotton also 
appears tO' be a hazardous practice. However, flue-cured tobacco may be 
safely grown in rotations with cotton. 

Tobacco Branch Station, Oxford, North Carolina, 

AND 

North Carolina Agricultural Experiment Station, 

Raleigh, North Carolina. 
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A BEOWNING REACTION TO STEM RUST IN WHBAT^ 

Helek Hart and J. Lewis Allison 
(.Accepted for pubUeation September 7, 1942) 

Reaction to rust infection has always been considered a relatively stable 
character in a cereal variety, and yet there may be considerable variability 
in abundance of sporulation, degree of chlorosis of host tissues, extent of 
mycelial development within tissues, and in the pigmentation surrounding 
the rust pustule or point of infection. In some instances the variability 
in reaction of certain wheat varieties to Piiccmia graminis tritici Eriks, and 
Henn. is so extreme as to make difficult a placement of reaction type in one 
of the five classes described by Stakman and Levine (15). Sporulation 
may vary greatly (Pig. 1, A and C), and pigmentation around the point of 
infection (Pig. 1, A, B, and C) may be so dark as to distract attention from 
the usual slight chlorosis of host tissues (Pig. 1, D) . Such a lack of sporu- 
lation and a deep pigmentation seem to indicate greater resistance to rust; 
and the present paper describes the frequency of this particular type of 
reaction to stem rust, the factors responsible for it, and its histological 
aspects. 


FREQUENCY OF BROWNING IN CERTAIN WHEAT VARIETIES 


Fig. 1. Variability in reaction of Thatcher wheat to race 34 of Fuccinia graminis 
tritici. A. Severe browning about point of infection and a trace of sporulation. B. Mod- 
erate browning and fair sporulation. C. Moderate browning and good sporulation. 
B. Normal reaction without browning, but with slight chlorosis about pustules. 


This reacitioii, wliieli eoiiveniently may be called a browning reaction, 
beeaiise the deep brown appearance of tissues about the point of infection is 
its outstanding cliaraet eristic, occurs i*atlier often in seedlings of certain 


1 Published as Paper 2026 of the Journal Series of the Minnesota Agricultural Experi- 
ment Station. 

Assistance in the coinpletion of this work vras furnished by the personnel of the Work 
Projects Administration, Official Project 165-71>-1--124, sponsored by University of 
Minnesota. 

The writers wish to thank F. S. Thatcher for photographing the material in figure 1, 
A, B, C; imd Thomas A. Graham for the photomicrographs in figure 3. 
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wlieat varieties, and seems never to occur in others. Vernal einmer, Ar- 
nantka, Kubanka, Kota, and Kanred are subject to the browning reaction ; 
and selections from them or their hybrids often have the same reaction. 
This is true for Acme, a selection from Kubanka, and for the following hard 
red spring wheat varieties derived by hybridization from parental material 
subject to browning: Ceres, Eival, Eeliance, Thatcher, Hope, and Pilot. 
The browning reaction may be frequent in the 14>ehromosome Tritimim 
timopheevi Zhuk, and in einkorn, as well as in the 14- and 21-chromosome 
species of Triticum. On the other hand, the reaction never has been ob- 
served in Marquis or in Little Club. Nevertheless, the browning reaction 
cannot be considered a varietal character, because its expression depends 
on the race of rust involved and the external environmental conditions in- 
cident to rust infection. 

association of the brow’^ning reaction with certain rust races 

During the 3 or 4 years that the browning reaction was observed closely, 
certain physiologic races of Puccinia grmninis tritici were associated with 
its occurrence more often than others (Table 1). 'Whenever collections of 


TABLE 1. — Host-parasite comhinations in which the ’broiiming reaction frequently 
occurs in different varieties of wheat 


Eace of Puccinia 
graminis tritici 

! 

Susceptible host variety 

Eesistant host variety 

11 


Vernal 

15A 

Acme, Arnautka, einkorn, Hope, 
Kota, Kubanka, Thatcher, 

Vernal 

Khapli 

15B 

Acme, Arnautka, einkorn, Kota, 
Kubanka, Thatcher 


21 

Ceres 


34 

Acme, Arnautka, Ceres, Hope, 
Kanred, Kota, Kubanka, 
Thatcher, Eival, Pilot 

einkorn, Khapli, Vernal, 
Triticim timopheevi 

38 

Acme, Arnautka, Kubanka 

Khapli 

40 ! 


einkorn 

42 

Khapli • 


56 


einkorn, Arnautka, Vernal 

79 


Arnautka 

147 

Kubanka 


166? 


Arnautka, Mindum, Spelmar 


race 34 were cultured in the greenhouse, the browning was frequent and 
present in a large proportion of the differential Triticum varieties inocu- 
lated : at least 10 different collections of race 34, from various parts of the 
United States and from Scotland apparently induced the browning reaction 
in a selected lot of varieties under favorable environmental conditions. 
Eace 34, whether collected from wheat or from barberry, seemed capable 
of inducing this particular variation of a normal stem rust reaction in more 
different wheat hosts and in more experimental instances than any of the 
other rust races tested. 
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The browning 3 * 6 &ctioii w&s rstlicr fr6(][iiGiit in cGitiiiii bests lusted, by 
a race 15 collected from Japan (a biotype designated 15A by Loegering and 
Stakmaii (10)) in 1942. Fewer hosts responded thus to the Japanese 
collection than to race 34, but incidence of browning over a period of many 
months approximated that with race 34. In later experiments another 
collection of race 15, corresponding to the biot^ pe 1513 of Loegering and 
Stakman (10) induced browning as effectively as did the Japanese col- 
lection. 

When other races of stem rust were involved, fewer varieties had the 
browning reaction and its frequency in different experiments was lower. 
On several occasions infected tissues of Vernal emmer were deeply pig- 
mented when rusted by a collection of race 11 from Chile. Kubanka seed- 
lings sometimes reacted thus when rusted by races 38 or 147, and einkorn 
responded likewise to race 40. Other isolated instances of this variation in 
reaction occurred in response to races 21, 42, and 56 ; but it was never ob- 
served in any host rusted by races 17, 36, 59, or 69. In all circumstances, 
too. it was evident that environment played as great a role as did the cereal 
hosts and rust races concerned in the reaction. 

TEMPERATURE AS THE PRIMARY ENVIRONMENTAL FACTOR RESPONSIBLE FOR 

BROWNING 

Hio'li teniperatiire, above 28.5° C., was tlie one factor of the environ- 
nieiit direetly responsible for browning in certain wheat varieties inocu- 
lated with rust. Furthermore, the degree of pigmentation varied directly 
with the length of time the temperature remained above 28.5° C. Brief 
texposiire of inoculated and infected seedlings to high temperature was 
sufficient to initiate the reaction, so that a slight browning was evident to 
tiie eye within a few days of the exposure. A deeper host coloring and 
Induced sporulation of the rust fungus followed longer and repeated ex- 
posures. If temperatures were high during the incubation period, within 
2 to 4 days after inoculation, and before pustules were formed, the pigmen- 
tation, was severe and fairly extensive, and there was less sporulation or it 
was almost inhibited (Fig. 1, A). Later exposure to high temperature, 
after pustule formation, seldom brought about a severe reaction, unless the 
exposure was prolonged. 

Moderately high atmospheric humidity accelerates the expression of 
browning reaction, but it cannot induce the reaction without the primary 
stimulus of high temperature. Other environmental factors — flight, nutrient 
relations, soil moisture — produced no noticeable effects. They were rela- 
tiv('ly unimportant when compared with temperature and with atmospheric 
humidity. 

Since the browning seemed to indicate greater resistance to stem rust 
at high temperatures, the infected tissues were examined for indications of 
internal tissue changes or changes in development of the parasite. 
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HISTOLOGY OP THE REACTION 

Niimeroiis materials were prepared and sectioned in several different 
ways. The most satisfactory was the simplest: sectioning fresh material 
on the freezing microtome and mounting sections in lactophenol without 
staining. The pigments were retained better with such treatment than 
when material was fixed and killed, dehydrated with alcohols, and em- 
bedded in paraffin, then stained subsequent to sectioning. 

A great abundance of mycelium was formed in most of the lesions, so 
that hyphae permeated the host tissues for some distance beyond the rust 
pustule. In the browned area of most hosts (Fig. 2) most of the rust 
hanstoria had become dark and thick-walled and were so numerous as to 
account for a large part of the browning evident in a surface view of the 



Fig. 2. Cross section of an Arnautka seedling with a moderate browning reaction to 
race 34 of 'Puccinia graminis tritici, showing an abundance of mycelium throughout the 
leaf tissue and a number of transformed haustoria (in the area between the dotted lines) 
at some distance from the rust pustule but coinciding with the browned area seen in a 
surface view of the leaf. 

leaf. 'While the transformed haustoria were the most conspicuous features 
of the browned area they were not solely responsible for browning. Near 
the outer margins for mycelial development the cell walls were discolored 
in groups of host cells, usually a group of 5 to 15 cells not far removed 
from a vascular strand in the leaf. Host cell walls were brown and slightly 
thickened in many eases. If the sections were run through the alcohols 
the discolored walls were far less evident, and it was only from the appear- 
ance of freshly cut sections in lactophenol that we could judge how impor- 
tant the wall discolorations were in enhancing the ‘‘browning” effect seen 
in surface view of the leaf. One other thing contributed to the effect, the 
fact that the tips of some of the intercellular rust hyphae were discolored 
and sometimes transformed and ensheathed as were the haustoria. In a 
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Fig. 3, Photomicrographs showing histological details associated with the browning 
reaction of wheats to Puccinia gmminis tritici. A. Two haiistoria of race 34 encysted 
within a host cell of Kubanka wheat, one completely encased in a thickened and darkened 
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few cases these hyphae were primarily responsible for the browning and 
were eonspicnons in tissues immediately adjacent to the vascular bundles. 

Studying the transformed haustoria more closely we saw that there had 
been an attempt at encystment, with results similar in many respects to 
what has been described by other authors (1 through 6, 12 through 14, 
and 16) for rust infections in a resistant host tissue or in an aging rust in- 
fection. In a cross section of a wheat seedling susceptible to stem rust the 
haustoria usually are delicate, elongate, sac-like protrusions into the host 
cell and host protoplast, connected to the intercellular rust hyphae by 
slender strands of protoplasm (Fig. 3, I). These normal haustoria also 
were present in seedlings with a browning reaction, but few in number in 
comparison with those that were partly to completely ensheathed. The 
formation of the thick sheath began at the base of the haustorium and about 
its neck, the slender protoplasmic thread joining the body of the haustorium 
to its mother cell (Fig. 3, C and Fig. 4, D). The sheath gradually enclosed 
most or all of the haustorium (Fig. 3, B and Pig. 4, E and G), but never 
was observed about the haustorium mother cell. 

Pigmentation of the sheath varied considerably : it was sometimes dark 
brown to black in the collar-like sheaths that were formed early (Fig. 3, C) 
or in a completely encased haustorium (Pig. 3, A) ; it might be dark brown 
near the base of the haustorium body and less intense in the other parts 
(Pig. 4, D, jP, and G) ; or it might be lacking in a part or all of the enclosing 
sheath (Fig. 4, E and Fig. 3, G and H). In a few sections there w^ere occa- 
sional haustoria of exactly the same golden brown as the normal uredio- 
spores in nearby pustules in the same sections (See Pig. 4, I). 

Ensheathed haustoria valued greatly in shape, very few^ of them being 
so elongate as normal haustoria unless the sheath itself was limited or slow 
in its development (Fig. 4, J) and E). Some were nearly spherical (Pig. 
3, A and D; Fig. 4, F), especially in eases of hosts resistant to the rust race 
present, or in cases of rapid and severe browning. By far the greatest 
number were ovoid, wdth a definite constriction at the middle (Fig. 3, R, 


membrane, the other only partially encased. Haustorial mother cells were not affected. 
B. A single haustorium of race 15A partially encysted within a host cell of Acme wheat. 
Thickening has not yet occurred about the tip of the haustorium. C. An early stage in the 
sheathing of an haustorium of race 15A in Acme wheat. The very thick and dark saucer- 
shape sheath started at the base of the haustorium and around the slender strand of proto- 
plasm between haustorium and its mother cell, but the tip of the haustorium was not 
changed. I>. An encysted haustorium that was nearly spherical, a form encountered often 
when a resistant host (einkorn) had a browning reaction to race 34. E. An abortive 
teliospore formed by a hyphal tip of race 34 just beneath the epidermis of Kubanka wheat. 
Two cells were evident, the tip cell having the thick, dark, cap-like structure of a normal 
teliospore. F. Teliospore-like haustorium of race 15A associated with browning of Ku- 
banka wheat. The tip of the haustorium had been encased in a thick, dark, papillate 
sheath similar to the wall of a teliospore, and the middle of the haustorium seemed to be 
constricted. The base of the haustorium, corresponding to the basal cell of a teliospore, 
was not in focus in the photograph. G and JS. Urediospore-like haustoria of race 15 A 
in cells of Acme wheat. The thick sheaths about the haustoria "were not deeply pigmented 
but were rough and resembled the echinulate walls of normal urediospores. The spore 
mother cell and the hypha shown in B were not affected and had smooth w^alls. I. Normal 
thin-walled haustoria of race 34 in host cells of Kubanka seedlings that did not have a 
browning reaction. 
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Fig. 4. Camera-lueida drawings of histological details associated with the hrowniing 
reaction of wdieat to Puccinia graminis triticL A. Tip of a liypha of rust race 15 A in an 
intercellular space in a Kubanka seedling. Constrictions in the hypha and its thick sheath 
with dark pigment and papilla at the tip gave it the appearance of an abortive teliospore. 
B. Hyphal tip of race 15 A with thick, dark sheath in an intercellular space just beneath 
the epidermis of an Acme seedling. Host cell walls adjacent to the hyphal tip were some- 
what thickened and dark. C, A mass of hyphae of race 34 lying on a host cell of Ar- 
naiitka wheat. Two of the hyphal tips were thick and dark, slightly constricted, and some- 
what papillate, so that they resembled abortive teliospores. Host cell walls near the 
transformed hyphal tips were thickened and dark. I). An early stage in the tranforma- 
tioii of an haustoriuin of race 15A in Kubanka wheat. Thickening and darkening of the 
slii'atli h(‘gan at the base of the haustorium, while its tip was not affected until later. jE. 
A l.Mioi* stage in the transformation of an haustorium of race 34 in Kubanka wheat. A 
tliiek slieatli (uicased the entire haustorium, but pigmentation was evident over only | of 
tile .shenih. F. A sitherical, encysted haustorium of race 15 A in a cell of Kubanka wheat, 
a. type frequent in cases of severe browning. CL Two encysted haustoria of race 34 wnthin 
a host cell of Kubanka. One haustorium resembled an abortive teliospore and appeared to 
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iP', II, and Fig. 4, E, G, H, I, J), so that they called to mind abortive 
iirediospores or teliospores on a miniature scale. 

The sheath was smooth about most of the haustoria ; but if pigment was 
lacking, or present in only a portion of the thick sheath, there appeared to 
be echinulations or a verrucose roughening of the sheath surface (Fig. 3, 

G E, and Fig. 4, H, J). On rare occasions in a sheath almost devoid of 
pigment there were thinner areas in the sheath resembling in placement 
and proportionate area the germ pores of normal urediospores. Unfortu- 
nately, such cases were rare, and it was not possible to secure a photograph 
of such an haustorium. 

The many similarities between ensheathed haustoria and rust uredio- 
spores or teliospores — golden to dark brown in laetophenol, shape and con- 
striction about the middle, character of wall markings, and indications of 
thin areas — lead us to think that the haustorial sheath is a fungus rather 
than a host deposition. How long an ensheathed haustorium remains alive 
and how sheathing affects the permeability of the haustorial membrane and 
the subsequent nutrition of the rust parasite remain to be explained, and 
some research along these lines has been undertaken by F. S. Thatcher. 
We have been unable to separate an ensheathed haustorium from its host 
cell, and, so far as we can tell, there is no evidence that the haustorium, 
once it is ensheathed, ever resumes growth when favorable conditions return. 
We do not know that it actually is an abortive spore. 

The tips of many of the intercellular rust hyphae had undergone changes 
similar to those in the haustoria within the cells. The hyphal membranes 
were greatly thickened, particularly at the very apex of a hypha, so that 
there was a papillate tip resembling that of a teliospore of stem rust (Fig. 
3, E; Fig. 4, A and C). Pigment often was unevenly distributed in the 
thickened membrane (Fig. 3, E; Fig. 4, A, B, and C), but the greatest 
amounts were usually near the apical end. The swollen hyphal tip gen- 
erally was constricted once or twice at short distances from its apex (Fig. 4, 
A and C) . Sometimes a septum divided the swollen tip (Fig. 3, F) . Again, 
the resemblance to teliospores was striking, except in the matter of size and 
in completeness of development. Host cell walls adjacent to such trans- 
formed hyphal tips sometimes were slightly thickened and discolored 
(Fig. 4, B and C), but this was not always true. The intercellular spaces 
immediately beneath the exoiderinis or contiguous to a vascular bundle were 
more often occupied by these changed hyphal tips than were the spaces in 
other parts of the leaf mesophyll, but there was never such an aggregation 
of hyphae as one might expect for the formation of a normal uredium or 
telium. 

be divided by a cross menbrane. Size of baiistorium may be compared ■with the normal 
xirediosi>ore lying outside the epidermis of the host. H. Haustorium. of race 15 A with 
thick, rough wall, resembling an abortive urediospore more than a teliospore. Pigmenta- 
tion was not especially noticeable. J. Urediospore-like haustorium of race 34 on Pilot 
wheat. In lacto-phenoi this haustorium was golden brown as were the normal urediospores. 
J. Extremely large haustorium of race 34 in Kubanka wheat, vrith thick, dark sheath. 
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OCCURRENCE OF BROWNING IN OLDER PLANTS 

Tlie browning reaction has been observed in older plants of many of the 
varieties included in the experiments with seedlings. Such observations, 
however, were usually incidental to other experimental arrangements and 
results. Ill the few sections cut from older materials the histological fea^ 
tures corresponded with those found in seedlings of the same varieties. 

The senior writer (8) first called attention to deep brown dr black pig- 
mentation and restricted sporulation in plants of Hope w’^heat inoculated 
with race 21 of Pmcinia grammis tritici and kept at high light intensities 
or at high temperatures. Unfortunately, less attention w^as paid at that 
time to the histological study of early stages of infection, and in practically 
all of the material prepared from late stages of infection there were many 
dead host cells and dense mycelial infections that failed to sporulate or that 
produced pustules closely confined within the host tissues and with abortive 
and distorted spores'. The rust collection used at that time is no longer 
available and it has been impossible to check and extend the previous work. 
It is believed, however, that the phenomenon encountered at high light in- 
tensity and high temperature is similar to but more severe than that herein 
described. 

Similar pigmentation and discoloration were described by McFadden 
(11) for Hope and related wheats inoculated with races 11, 17, and 21 of 
Pueoinia grammis tritici and grown in field plots in Texas in 1936 and 1937. 
McFadden uses the term ''brown necrosis, because he found many of the 
plant cells were killed whenever the discolored blotches appeared. As early 
as 1915 he observed the reaction in Vernal and Yaroslav emmers, and later 
on Acme durum also. He reported no histological studies and no work 
with seedlings. 

Johnson and Hagborg (9) also studied discolorations in wheat and 
found that some were caused by stem rust. Eaces 34 and 120 of Puccinia 
graniinis triticif particularly the latter, caused brown necrosis on heads 
and peduncles of Apex wheat. The discolorations were observed in varie- 
ties derived from crosses of Marquis and Reward with Hope, H 44, and 
Pentad. In glumes of Renown wheat examined histologically the stem 
rust had formed appressoria and entered the stomata but very little my- 
celium had developed beyond the substomatal cavity and the parenchyma 
cells appeared to be highly hypersensitive to rust. These authors also re- 
ported no work with seedlings. 

It is noteworthy, however, that these browning reactions in relation to 
stem rust infection are most conspicuous by their presence in the hot and 
dry decade 1930-1940. Observations of Hart and Zaleski (8) covered the 
years 1932 and 1933; the extensive observations of McFadden (11) were 
made in 1936 and 1937; and Johnson and Hagborg (9) reported discolora- 
tions generally prevalent at Winnipeg on glumes and lemmas of many 
newly developed wheat varieties in 1935 and 1938; and the research herein 
reported was begun in 1936 and comx:)leted in 1940, From conversations 
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with B. C. Stakmaii, it also is apparent that this type of reaction was fre- 
qiieiit during the identification of physiologic races of wheat stem rust col- 
lected during the physiologic-race survey of 1934, a year marked by excep- 
tionally high temperatures in Minnesota. The durum wheats in the dif- 
ferent series, especially Acme and Arnautka, often were less susceptible 
than expected. Race 34 of Piiccmia grcuminis tritici generally was reiso- 
lated from poorly sporulating and off-color pustules on Acme and from the 
seemingly resistant reaction types on Arnautka. In 1934, when race 34 
constituted 22 per cent of the stem rust races identified from collections on 
wheat, and often during hot periods of later j^ears, the browning action 
might easily have been used as a supplementary means of identification 
when race 34 was mixed with certain other races in a collection. 'Whether 
browning will be of general occurrence on a number of hosts in the future 
remains to be seen. 

GERMINATION OF UREDIOSPORES AT HIGH TEMPERATURE AND IN HOST PLANT 

EXTRACTS 

Since race 34 of Pitcmiia grammis tritici was more often associated with 
browning than any of the other races, we tested the effect of high tempera- 
ture on the germination of its urediospores to note any tendency toward 
encystment of the fungus outside the host plant when urediospores germi- 
nated in distilled water or in extracts from certain hosts. 

Plant sap was expressed from healthy, 7-day-old, Kubanka seedlings that 
had been frozen quickly at - 3° C. The sap was passed through a sintered 
glass filter and diluted with sterile distilled water to the desired concen- 
tration (1 :100, 1 :1000, 1 :10,000, 1 :100,000, and 1 :1, 000, 000) . Checks were 
in hanging drops of sterile distilled water. 

At 27° C. the germ tubes were long and sinuous and often branched, 
both in distilled water and in the filtrates. At 33° C., however, a large 
proportion of the germ tubes grew to a length of 2 or 3 times the uredio- 
spore length but then rounded up to form a bulbous portion (Fig. 5, B and 
C). After a short time the germ tube resumed growth from a pore-like 
opening in the bulbous encysted cell. Such abnormal germ tubes were 
fairly abundant in all dilutions of the filtrates and in distilled water at 33° 
C. Frequently the tips of longer germ tubes were transformed to spore- 
like bodies at the high temperature. In figure 5, A, a germ tube, 5 to 6 
times the urediospore length, had a tip with a very thick wall, dark-brown 
pigment in the thickened wall, a papillate thickening at the apex, and what 
appeared to be two separate cells. Resemblance to an abortive teliospore is 
very pronounced. Ezekiel (7) found structures of the same sort produced 
by germinating urediospores of several different races of Puccinia gr(m 
/Wf/cf and also other rusts. 

DISCUSSION 

The browning reaction well illustrates the possibility of rather wide 
variations in reaction to stem rust. ‘While in resistant hosts the browning 
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reaction is only an added indication of resistance, in a susceptible host a 
severe browning reaction may signify a definite shift from susceptibility 

to resistance. 

Tlie results of sucli variations may be more far-reaching than would seem 
evident from limited experimental work. It is possible that such a varia- 
tion as this browning reaction has been one of the factors responsible for 
the fact that race 34 no longer plays an important part in the stem rust 
epidemics in the Mississippi Valley. In 9 of the 12 years from 1930 to 
1941, inclusive, race 34 constituted less than 5 per cent of the stem rust 
population,^ although many of the varieties of winter w-heats, hard red 


Pig. 5. Pliotoniicrograplis of the germination after 18 hours of race 34 of Fuccinia 
graminis tritiei at 33° C. in filtrates of 7-day-old Kubanka seedlings. A. Tip of a germ 
tube that produced an abortive teliospore, in concentrated filtrate. B, Germ tube froni a 
urediospore, with swelling and an attempt at eneystinent in the third cell formed, and with 
renewed growth of a slender, branched, thin-walled germ tube from the swollen cell. In 
a 1 : 1,000,000 filtrate. C. Two germ tubes in which the second cell formed had swollen 
and from the swollen cells new germ tubes had grown out. The sAvollen cells seemed to 
be empty of |)rotoplasm. In a 1 : 10,000 filtrate. 

spring wheats, and also diirums are susceptible to this race. In the spring 
wheat region race 34 survived the hot, dry years 1930 through 1934 as well 
as or better than many of the other stem rust races, but by 1934 race 56, 
wbich Casselh^ found more tolerant of high temperatures than most of the 
other rust races, predominated. Since the entire decade 1930-1940 may 

2 Wc arc indebted to E. C. Staknian and W. Q, Loegering, Division of Plant Disease 
Control, Durcau of Entomology and Plant Quarantine, Dnited States Department of Agri- 
culture, for data from their unpublished reports. 

» OasHcll, R. C. Paetors affecting the distribution of physiologic races of Puccinia 
gramitUK tritiei, Eriks, and Henn. University of Minnesota. Ph.D. thesis, June 1938. 
(Unpublished.) 
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be characterized as hot and dry for the Mississippi Valley in general, it is 
not surprising that the heat-tolerant race 56 supplanted the other races to 
so great an extent. Race 34 was not immediately eliminated with the rapid 
rise of race 56, how^ever, and in 1934 and again in 1935 there were surpris- 
ingb^ large proportions of race 34 — 22 per cent and 18 per cent, respec- 
tively. The explanations for the persistence of race 34 lie in the environ- 
ment during those years and in the earliness with which rust developed. 
In 1934 stem rust appeared 7 to 10 days earlier than usual ; and early in a 
growing season when temperatures usually are low and moisture is suffi- 
cient race 34 undoubtedly has as good a chance for survival as other races. 
With 7 to 10 days stax’t in 1934 race 34 might have multiplied enough to 
become an important factor in the stem rust epidemic. Watson (17) found 
that race 34 was a good competitor when grown in association with other 
races on Little Club or on a Soft Federation wheat from Australia. It is 
true that the incubation period for race 34 on certain susceptible hosts seems 
from to 2 days shorter than for other races. Such an advantage un- 
doubtedly contributed to the build-up of early season inoculum of race 34. 
The spring of the following j^ear, in which race 34 was important, was cold 
and wet ; cloudly weather prevailed until the end of June. Even after hot 
weather set in towards the end of June, there were freciuent showers to 
modify the high temperatures and to contribute to stem-rust development 
in plants that may have been inoculated during the cooler, cloudy days of 
mid- June. 

The fact that many of the new rust-resistant hybrids and much of the 
breeding material seem subject to browning may help in further reduction 
of certain races in the future rust populations if we have more growing 
seasons marked by extreme heat. If, however, we have several seasons of 
moderate temperature we might experience an increase of certain races in- 
volved in browning reactions, provided susceptible hosts are at hand for 
their increase. 

Study of the browning reaction also brings up many questions as to ad- 
justments of the obligately parasitic rust fungi to their gramineous hosts, 
and some of these were previously raised in Rice’s (12, 13) excellent ar- 
ticles. It is hard to say whether the haustorium is actually the specialized 
structure we have heretofore considered so characteristic of obligate para- 
sites or wdiether it is somewhat more like the normal intercellular rust 
hyphae. Both seem capable of the same reactions Under the adverse con- 
ditions described in the present work. The indications here are that the 
sheathing of the haustoria or the hyphae occurs by the same process that 
brings about normal sporulation of the rust fungus. It is still not known 
whether changes in permeability, shifts in oxidation relationships, increases 
in the activity of certain other enzymic systems, or other specific metabolic 
changes may provoke sporulation or eneystment of the fungus. And in 
cases of normal sporulation, as w^ell as of protective sheathing, we cannot 
tell what determines whether urediospores and urediospore-like bodies will 
be produced or teliospores and teliospore-like bodies will appear. 
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SUMMARY 

The browning reaction consists of a deep brown discoloration of wheat 
host tissues about a stem rust infection center, usually accompanied by re- 
duced sporulation of the rust. 

Browning has been associated with only certain wheat varieties in- 
fected with certain races of stem rust and under certain environments. 

Temperatures above 28.5° C. constitute the primary environmental 
factor responsible for browning. High relative humidity enhances the ef- 
fects of high temperature. 

Rust hyphae and rust haustoria become ensheathed and transformed. 
Resemblance of the transformed parts to urediospores and teliospores is 
striking in several respects: pigmentation, shape and constriction about 
the middle, character of Avail markings, indications of a band of thin areas 
in the wall, and papillate apical thickenings. 

Host cell walls in a browned area may be discolored and slightly thick- 

ened. 

There is some tendency toward spore-like eiicystment o.f g*erni tubes 
when urediospores o.f race 34 of Piiecmia grmninis tritici germinate at high 
temperature. 

University Farm, 

St. Paul, Minn. 
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PHYSICAL CHAEACTEEISTICS OP BOEDEAUX MIXTUEE 
IN EELATION TO ITS QUALITIES 

E. E. Wilson 

(iVccepted for publication September 1, 1942) 

The common belief among plant pathologists that the physical charac- 
teristics of the precipitate of Bordeaux mixture influence the fungicidal 
value of the spray is typifled in the folloAving statement by Lutmaii (8). 

' ‘ The peculiar physical structure of the copper compound which is precipi- 
tated is the characteristic which gives to Bordeaux mixture a great share 
of its value. . . . ’ ^ 

According to a number of investigators (1, 2, 5, 7, 11) the concentration 
of the constituents at the time of mixing influences the suspension qualities 
of the precipitate. If, in making 8-8-100 Bordeaux, for example, the copper 
sulphate and lime in stock preparations, which commonly contain from 
0.5 to 1 lb. of constituent to each gallon of water, are first mixed and then 
diluted with the requisite amount of water, the resulting precipitate settles 
more rapidly than that formed when the constituents are each diluted with 
one-half the required amount of water and then mixed. A difference in 
rate of settling, therefore, indicates the physical characteristics, in this case 
the specific gravity, of the precipitate. 

From studying formation of precipitates under different conditions, 
Swingle (10) concluded that the combination of relatively concentrated 
preparations produced more of the closed cells’’ — spherical sacs of lime 
suspension surrounded by membranes of the blue precipitate — than the 
combination of more dilute preparations. Lutman (8) came to similar con- 
clusions, particularly with reference to the effect of a concentrated copper 
sulphate solution. He reported that, when undisturbed, the membranes 
surrounding closed cells thickened until considerable force Avas required 
to break them, and that rate of thickening wus greatest when a relatively 
concentrated copper sulphate solution Avas used. 

Swingle (10) believed that the precipitate of a properly prepared Bor- 
deaux mixture contained much imbibed Avater, a condition that would con- 
tribute to its bulkiness. In certain aspects this has been confirmed by 
Eeckendorfer (9), aaEo found that the precipitate sAA^elled measurably in 
Avater. The ratio of lime to copper sulphate, furthermore, affected the 
SAvelling capacity, inasmuch as increasing the lime to copper sulphate above 
1 : 1 was accompanied by a decrease in SAA^elling. 

Lutman (8) believed that agitation broke the precipitation membranes 
AAbich surround closed cells, and aided in the reaction betAveen the copper 
sulphate and lime, and thus affected both the quantity and thickness of 
precipitation membranes. HaAA^ins (5) shoAved a definite inerease in sus- 
pension qualities Avhen Bordeaux prepared from a dilute copper sulphate 
solution and a concentrated lime suspension was shaken vigorousty. In such 
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iiistciiiccs 0116 ot tli6 primary iiiiictioiis of E^itdtioii is pi 6 ^^ 011 ting tlio IoceI 
eoneentration of one constituent by quickly dispersing it throughout the 
larger volume of liquid containing the other. 

Although settling’ rate and to some extent volume of the precipitate have 
been used to indicate quality of Bordeaux (1, 5, 6, 7, ll-)j seai eh of the lit- 
erature shows but few instances where attempts were made to determine 
the relation between the physical characteristics of the precipitate and either 
its general fungicidal performance or the factors that influence this per- 
formance, i.e., the toxicity of the precipitate to fungus spores, amount and 
distribution of deposit over the sprayed surface, or I’esistanee (tenacity) 
of the deposit to removal by rain. Without giving his evidence Cunning- 
ham (3) asserted that only by mixing the two constituents in a concen- 
trated form did he obtain “unsatisfactory results.” Under greenhouse 
conditions Yarwood (12) found but little difference between the immediate 
protective and eradicant values of Bordeaux mixtures prepared from con- 
centrated and diluted stock preparations of copper sulphate and lime, when 
applied in control of powdery and downy mildews of a number of plants. 
In the case of bean rust, however, the mixture prepared from diluted prep- 
arations was somewhat superior to that prepared from concentrated prep- 
arations. 

The primary purpose of this article is to report studies on the w’eather 
resistance of Bordeaux mixtures that varied in physical characteristics be- 
cause of differences in method of combining copper sulphate and lime. 
Information of this type is particularly pertinent to effective prevention of 
a peach and apricot disease caused by the fungus heijerinckn. 

The fungus attacks twigs and dormant buds in winter. To prevent this 
infection an application of Bordeaux, 10-10-100, is given in the autumn 
subsequent to leaf fall. As this application is expected to protect the buds 
and twigs throughout the winter (14 to 16 weeks) when heavy rains occur, 
the tenacity with which the deposit resists removal determines to no small 
degree the control obtained. 

Other factors, such as the fineness and the calcium carbonate content of 
the lime, are known to influence the suspension qualities of Bordeaux mix- 
ture (4, 6), but the relation of these to tenacity of the deposit was not 
studied in the present Avork. 

SETTLING, DEPOSITION, AND TENACITY OP BORDEAUX MIXTURE 

The writer’s studies on the tenacity of Bordeaux mixtures prepared 
from diluted and concentrated constituents were conducted in the field in 
December, 1941, and January, 1942. The trees used for the purpose were 
I-to-o-year-old peaches and apricots of uniform size. The surfaces on which 
tlie teimeity of the spray was determined were those of twigs produced in 
1941 only. 

Alter the spray was applied, at a pressure of 300 pounds, and had thor- 
oughly dried, 3 samples of twigs, 4-6 inches long, were taken from each 
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tree. These were weighed immediately and placed in glass jars with tight- 
fitting glass tops. Two hundred cc. of nitric acid solution (25 cc. of C.P. 
nitric acid, sp. gr. 1.416, per liter) was run into each jar, the tops fixed 
ill place, and the jars rolled for 10 minutes on a mechanical rolling device. 
The solution was then filtered and aliquots were taken for copper deter- 
mination by the iodometric method.^ 

In test 1, the Bordeaux made with diluted constituents, and hereafter 
known as mixture 1, was prepared by pouring a suspension containing 1.6 
lb. of slaked quicklime into the spray tank containing 15 gal. of water. 
With the agitator running 1 gal. of a solution containing 1.6 lb. of copper 
sulphate was then poured in and the required amount of water to make 
20 gallons was added. After 5 minutes’ agitation, ^ samples of the settling 
tests were taken of the mixture in the tank and of the mixture issuing from 
the nozzle of the spray gun. The spray was then applied. 

In test 1, the Bordeaux made with concentrated constituents, and here- 
after known as mixture 2, was prepared from the same lots of copper sul- 
phate and lime used above, but instead of diluting one lot, the solution con- 
taining 1.6 lb. of copper sulphate per gal. was poured into the suspension 
containing 1.6 lb. of slaked quicklime per gal. The resulting mixture was 
stirred thoroughly and poured into the sprayer tank containing the required 
amount of water to make 20 gallons. After 5 min. agitation, samples for 
settling tests were taken from the tank and spray nozzle. The spray was 
then applied. 

In tests 2 and 3, mixture 1 was made by slowly pouring 2 lb. of powdered 
copper sulphate into the sprayer tank containing 18 gal. of water. When 
the copper sulphate was dissolved, 2 lb. of hydrated lime, thoroughly mixed 
with 2 gal. of water a few minutes earlier, was poured into the tank while 
the agitator was running. After agitating 5 minutes, samples for settling 
tests were taken from spray nozzle and tank, and the spray was then applied. 

In tests 2 and 3, mixture 2 was prepared as was mixture 2 in test 1, except 
that hydrated lime was used. After 5 minutes’ agitation, settling-test sam- 
ples were taken from tank and nozzle. Three trees were then immediately 
sprayed. The remaining Bordeaux mixture in the tank was agitated for an 
extra 15 minutes (a total of 35 minutes) and a settling-test sample was 
taken from the nozzle before it was applied to two other peach trees. 

The results of copper analyses are contained in table 1, the results of 
settling tests for test 1 and 3 are given in figure 1. Settling-test data for 
test 2 were essentially the same as those for test 3, 

Rate of Settling 

According to figure!, mixture 1, taken from the sprayer tank after 5 
minutes’ agitation, settled very little during 75 minutes, whereas mixture 2 

1 This method is satisfactory for relatively large amounts of copper if the nitric acid 
ivS free of nitrous oxide and determinations are made on the wash water immediately after 
it is filtered. 

2 In this and the other tests the samples of Bordeaux taken from the sprayer tank 
had not circulated through the pump, whereas that taken from the nozzle of the spray gun 
had, of course, passed through both pump and nozzle. 
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Fig. 1. Effect of method of mixing and the character of agitation on the settling of 
Bordeaux jireeipitate. Test 1 : A, mixture 1, prepared from diluted lime and concentrated 
copper sulphate, agitated 5 min, in sprayer tank; B, mixture 1, agitated 5 min. then 
passed tli rough pump and spray nozzle; C, mixture 2, prepared from concentrated copper 
sulphate and concentrated lime, agitated 5 min. in sprayer tank ; B, mixture 2, agitated 5 
min. in sprayer tank, passed through pump and spray nozzle. Test 3 : A, mixture 1, pre- 
])ared from diluted copper sulphate and concentrated lime, agitated 5 min. in sprayer tank; 
B, mixture^ 1 , agitated 5 min. in sprayer tank then passed through pump and spray nozzle ; 
(\ mixture 2, prepared from concentrated copper sulphate and concentrated lime, agitated 
5 minutes in sprayer tank; D, mixture 2, agitated 5 minutes in sprayer tank then passed 
through pump and spray nozzle; E, mixture 2, agitated 35 minutes in sprayer tank then 
passed through pump and spray nozzle. 
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from the tank settled A^ery rapidly. In fact, as shoAvn by obserAmtions after 
18 hours, the latter mixture had settled almost completely AAdthin 75 minutes. 
Mixture 2, Avhich, in addition to 5 minutes’ agitation, had gone through the 
pump and issued from the nozzle of the spray gun, settled someA^^hat more 
sloAvly than that taken from the tank. This 'wsls particularly noticeable in 
test 3. Prolonging agitation of mixture 2 for 35 minutes resulted in a still 
more sloAvly settling precipitate. 

After settling 18 hours the bulkiness of the precipitate AAms observed to 
differ among the Bordeaux mixtures made by the tAA^o methods. The volumes 
(cc.) occupied by the precipitates in test 1 Avere as folloAA^s : Mixture 1 from 
tank, 72; mixture 1 from nozzle, 103; mixture 2 from tank, 31; mixture 2 
from nozzle, 37. With mixture 1 the volume of precipitate was increased 
by passing through, the pump and spray nozzle, AA^hereas mixture 2 Avas af- 
fected little if any. 









Fig. 2. Characteristics of the particles of precijjitate formed when the following 
concentrations of copper sulphate and lime Avere mixed: A, limewater and 0.17 per eent 
copper sulphate; B, both at 0.25 per eent; C-B, both at 0.5, 1, and 2 per cent; E-G, both 
at 12 per cent. 

Judging from the settling tests, the method of diluting one of the con- 
stituents (lime in the case of test 1 and copper sulphate in the ease of test 3) 
resulted in precipitates Avith suspension qualities that could not have been 
materially excelled by that produced had both constituents been diluted. 

To determine Avhat difference existed between the particles of precipi- 
tate in mixtures prepared from diluted and concentrated preparations, the 
following concentrations of CUSO 4 solution and lime suspension Avere mixed 
Avith a minimum of agitation: 1. 0.17 per cent lime and 0.168 per cent 
CUSO 4 ; 2. Both at 0.25 per cent; 3. Both at 0.5 per eent; 4. Both at 1 per 
cent; 5. Both at 2 per eent, and 6 . Both at 12 per cent. Under the miero- 
seope the precipitate of No. 1 Avas composed largely of transparent flakes 
(Fig. 2, A) that of No. 2 contained a considerable portion of AAdiat appeared 
to be ruptured closed cells (Fig. 2 , B). At concentrations of 0.5 to 2 per 
cent a considerable part of the precipitate was in the form of closed cells 
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TABLE 1,— Effect of concentration of the two components, lohen mixed, on the tenac- 
ity of Bordeaux mixture on peach and apricot twigs. Decemler to February 1941-1942 


Test 

No.a 

Method of mixing Bordeaux 

Tree number 
and statistical 
references 

Amount of copper 
on 100 g. of twigs 

Copper 

lost 

Initial 

deposit 

After 

rainb 




Mg. 

Mg. 

Per eent 


Concentrated copper sulphate 

1 

17.4 

15.2 

12.6 


poured into diluted lime, 

2 

16.8 

12.4 

26.2 


agitated 5 minutes before 

3 

20.0 

16.9 

15.5 


applying. Mixture 1. 

Average 

18.0 

14.8 

18,1 


Concentrated copper sulj)hate 

1 

22.5 

7.8 

65.3 


poured into concentrated 

2 

19.5 

7.3 

62.6 


lime, agitated 5 minutes 

3 

21.2 

6.8 

67.8 


before applying. Mixture 

Average 

21.1 

7.3 

65.2 


2. 

Diff. for signif.c 

9.8 

3.4 

20.3 


Goiieentrated lime poured in- 

1 

37.7 

24.9 

34.0 


to diluted copper suljjhate, 

2 

34.5 

24.1 

30.1 


agitated 5 minutes before 

3 

37.2 

23.4 

37.1 

9 

applying. Mixture 1. 

Average 

35.7 

2L1 

33.7 


Concentrated copper sulphate 

1 

26.8 

7.7 

71.3 


poured into concentrated 

2 

31.0 

10.2 

67.1 


lime, agitated 5 minutes be- 

3 

29.7 

8.0 

73.1 


fore applying. Mixture 2. 

Average 

29.2 

8.6 

70.5 



Diff*. for signif.c 

S.4 

2.6 

12.4 


Concentrated lime poured in- 

1 

32.4 

21.3 

34.3 


to diluted copper sulphate, 

2 

38.2 

23.2 

39.3 


agitated 5 minutes before 

3 

31.2 

19.0 

39.1 

3 

applying. Mixture 1. 

Average 

33.9 

21.2 

37.6 


Concentrated copper sulphate 

1 

19.0 

7.6 

60.0 


poured into concentrated 

2 

22.8 

11.8 

48.3 


lime, agitated 5 minutes 

3 

26.5 

9.5 

64.2 


before applying. Mixture 

Average 

22.8 

9.6 

57.5 


2. 

Diff. for signif.e 

S.2 

3.1 

23.3^ 


Concentrated copper sulphate 






poured into concentrated 





3A 

lime, agitated 35 minutes 

1 

26.9 

12.2 

54.7 


before applying. Mixture 

2 

29.2 

12.1 

58.6 


2. 

Average 

28.0 

12.2 

56.6 


a In test 1 Bordeaux 8-8-100 was prepared with freshly slaked quicklime. In tests 
L, 3, and 3 A. Bordeaux 10—10—100 was prepared with hydrated lime. Trees in tests 1, 3, 
and 3 A were peaches, in test 2, apricots. 

^ h The amount of rain falling between application and this analysis was : test 1, 4.12 
inches ; tests 2, 3, and 3A, 2.96 inches. 

^ The difference for significance calculated on the basis of t values for 99 :1 odds. 

The difference between means exceed the value for 19:1 odds but not the value for 
99:1 odds. 

(Pig. 2, C, D). At 2 per cent (No. 5) the membranes surrounding the cells 
were less transparent than at 0.5 or 1 per eent. At 12 per cent the pre- 
cipitate (No. 6) was composed of a large number of closed cells illustrated 
in figure 2, E to (I. Some of these cells enclosed dense masses of lime and 
some enclosed smaller cells along with the lime. 
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Laboratory tests showed that, whereas such membranes as illustrated in 
figure 2, C, D, readily broke when the mixture was agitated, and some broke 
without agitation, those illustrated in 2, E to G did not break so readily. 
In fact the ordinary whirling motion afforded by a laboratory stirrer broke 
but few of these particles and had little or no effect on their suspension 
quality. The increase in suspension, shown above to result from passing 
mixture 2 through the pump and spray nozzle, may therefore have been 
because this violent agitation was sufficient to break the surrounding mem- 
branes and free the enclosed lime aggregates. 

Initial Deposits 

In test 1 the initial deposits of the two types of Bordeaux did not differ 
significantly (Table 1, column 3) but in tests 2 and 3, mixture 1 deposited 
significantly more copper than mixture 2. 

Despite the fact that the analysis showed that mixture 1 deposited as 
much or more copper than mixture 2 on peach trees, the deposit of the 
latter was more conspicuous than that of the former. This was because 
the deposit of mixture 2 wms coarser and appeared to stand up from the 
surfaces, whereas that of mixture 1 was tine in texture and laid closely to 
the surface. These differences were apparent also w^hen the sprays were 
deposited on glass slides. 

Tenacity of Deposits 

In all tests (Table 1) mixture 1 weathered away less rapidly than mix- 
ture 2. In test 3 the difference between means of residue after rains and 
means of percentage of copper lost is significant at 19 : 1 odds but not at 99 : 1 
odds. This was largely because the amount of residual copper on tree 2, 
sprayed with mixture 2, proved exceptionally high. 

It will be noted that only 18.1 per cent of the copper in mixture 1 made 
with quicklime (Test 1) weathered away during rains totaling 4.12 inches, 
whereas 33.7 and 37.6 per cent, respectively, of that of mixture 1 made with 
hydrated lime (Tests 2 and 3) weathered away during rains amounting to 
2.96 inches. This Avould suggest that the hydrated lime Bordeaux -was less 
tenacious than quicklime Bordeaux, but should not be considered conclusive 
proof. 

As noted earlier an increase in length of agitation period (Test 3, E) de- 
creased the settling rate of mixture 2, and the deposit studies suggest that 
there was some increase in tenacity attending this additional agitation, but 
the data are too meager for conclusions, particularly in view of the large 
variation between the percentages of copper lost from one tree sprayed 
with mixture 2 in test 3. 

Because xincombined lime gives to a Bordeaux deposit much of its visi- 
bility, disappearance of this lime may lead one to believe that the copper 
deposit also had been lost. Between the two types of deposits studied in 
these tests, however, such a wide difference in visibility existed after weath- 
ering had occurred, that no question arose as to the actual difference in 
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copper loss. On peaeli twigs, as noted earlier, the initial deposit of mixture 
2, because of its coarse, granular nature, was much more conspicuous than 
the finer textured initial deposit of mixture 1 ; but, after weathering, the 
residue of mixture 2 was visible only around the bases of buds, whereas 
that of mixture 1 remained visible over all the twig surface. 

DISCUSSION 

The results just given substantiate the general belief that the physical 
characteristics of Bordeaux precipitate, which are determined by the coii- 
centration of the copper sulphate and lime preparations, play an important 
role in determining the efficacy of this fungicide. The criterion of effi- 
cacy in these studies was the resistance of the copper deposit to washing 
off by rain (tenacity). The precautions against mixing concentrated, i.e., 
12 per cent, copper sulphate and lime, therefore, appear justified when 
maximum tenacity to such twig surfaces as those of peaches and apricots is 
desired. 

Settling tests almost always show Bordeaux mixture, prepared by com- 
bining concentrated components, possesses poor suspension quality. Rapid 
settling can be decreased to some extent by agitation, particularly by passage 
of the mixture through the pump and nozzle, but, within the limits of prac- 
ticability, it is doubtful if agitation can entirely overcome this feature. 
Agitation probably breaks the closed cells and disperses lime aggregates, 
but whether it has any effect on the nature of the membranes themselves is 
not known. The results of one test, suggesting that the tenacity of Bordeaux 
made with concentrated constituents was improved somewhat by prolonged 
agitation, are interesting but not conclusive. 

The differences in texture of precipitates apparent, in the dried de- 
posits of the two types of Bordeaux mixtures, suggests one reason for the low 
tenacity of the deposit of that made with concentrated, constituents. Being 
coarse, this deposit stands up from the surface and probably is more ex- 
posed to erosion by rain than the finer deposit of Bordeaux made with 
diluted constituents. 

Effects of differences in mixing on the depositional qualities of the re- 
sulting mixtures were not conclusively proved, though in two of the three 
tests Bordeaux mixture prepared with diluted components deposited sig- 
nificantly more copper than Bordeaux mixture prepared wdth concentrated 
components. To thoroughly explore this subject, retention of the liquid 
phase and behavior of the solid phase during application should be studied 
carefully. 

SUMMARY AND CONCLUSIONS 

Bordeaux iireeipitate made by mixing diluted components was settled 
more slowly and was more bulky than that made by mixing concentrated 
(‘omponents (12 |)er cent) and then diluting. The individual particles of 
the })recipitate of the former (components diluted) were nearly all fragments 
ot closed cells that ruptured during the reaction between the components or 
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during the moderate agitation given in laboratory tests. The membranous 
fragments were thin, pliable, and possibly at a high state of hydration. The 
particles of the latter (components concentrated) were in many cases agglom- 
erations of lime held together by closed membranes that did not easily rup- 
ture during the reaction and apparently were not easily broken by agitation. 

In 3 weathering tests conducted on twdgs of peach and apricot trees 
during the winter, when rainfall totaled 3 to 4 inches, Bordeaux, prepared 
with diluted components, lost only 18, 34, and 38 per cent of the copper, 
whereas the Bordeaux prepared wuth concentrated components lost 65, 70, 
and 58 per cent. 

Vigorous and prolonged agitation improved the suspension quality of 
the concentrated type. One test suggested that the agitation possibly im- 
proved its weathering quality, but the differences were not great enough 
for statistical significance. 

In two of three tests the Bordeaux made with diluted constituents de- 
posited sigificantly more copper than that made with concentrated con- 
stituents. The initial deposit of the latter, however, was more visible on 
peach twigs because it was coarser in texture and stood up from the surface 
more than that of the former. 

Division of Plant Px\thology, 

Unrtsrsity op California, 

Davis, California. 
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TESTS OF ERADICANT SPRAYS FOR USB AGAINST SCLERO- 
TINIA LAXA AND CORYNEUM BBIJBRINCKII 
IN APRICOTS AND ALMONDS 


E. E. Wilson 

(Accepted for publication September 1, 1942) 

Two fungus diseases, the brown-rot blossom and twig blight (Sclerotmia 
laxa Ader. and Euh.) and the shot-hole {Coryneum baijerinchii Oud.), are 
widespread and destructive in apricot and almond orchards in California. 
Brown-rot blossom blight recently was shown^ to be measurably reduced by 
a dormant application of calcium arsenite^ (2 or 3 lb. per 100 gal. of water). 
The object of spraying wdth this material is to prevent the production of the 
eonidia-bearing mats (sporodochia) on blighted, hold-over twigs in the tree 
and to destroy the sporodochia already present. So far as known these 
blighted twigs and the occasional rotted fruits that hang in the tree are the 
only sources of inoculum for blossom infection in the spring. The mycelium 
of the fungus, surviving in these parts from one season to the next, develops 
the sporodochia, which break through to the suiTace and produce conidia in 
late winter. Shot hole aifects buds of apricot (Fig. 1), the buds and twigs 
of almond in winter, and blossoms, leaves, and fruit of both in spring. Ap- 
parently, only conidia are produced by the causal fungus in California.^^ 
These are found in greater or less abundance on the various diseased organs, 
but the mycelium in diseased buds, twigs, and an occasional blighted blossom 
remaining in the tree, is the only known means whereby the fungus survives 
from season to season. Conidia form the year around within blighted buds, 
but apparently only in winter and spring on the surface of twig lesions. 
The problem of controlling this disease by eradicant means, therefore, is 
that of preventing the fungus from surviving or from producing spores in 
these host parts. * 

The calcium arsenite spray is being used in California for control of 
Sclerotinm laxa. and with comparatively little injury to apricot trees. It 
cannot, however, be safely applied to almond and certain prune varieties. 
An alternate material, harmless to the trees and effective against both S. laxa 
and Coryneum heijerinckiij would, therefore, be of great value. The writer 
here reports tests in which a number of compounds were tested against both 
fungi. 

EFFECT OP VABIOUS MATERIALS ON PRODUCTION OP SPORODOCHIA OP 
SCLEROTINIA LAXA ON BLIGHTED TWIGS 

Sodium dinitro-o-cresylate (Elgetol containing 30 per cent of this salt) 
was included in tests with calcium arsenite as early as 1939. In table 1 are 

I Wilson, E. E. Experiments with arsenite sprays to eradicate Sderotmia laxa in 
BtonC’-ffuit trees us a means of eontrolling the brown rot disease in blossoms. Jour. Aar. 
Res. 1U.S.] 64: 5(51-594. 3942. 

Although called monocaleinm arsenite in the article cited above, there are reasons 
for believing this is not the proper designation. In any event, the material is one of the 
less basic of the calcimn aTsenites. 

A recent search in infected, ovei’wintered leaves and in diseased buds and twigs of 
.'ilmond revealed no other stage. 
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Fra. 1. Shot hole (Coryneim 'beijerincToU) affecting buds and fruit of apricot. A. 
Blighted buds (arrows) furnish conidia that infect leaves (infected leaves with holes) and 
fruit in spring. B. Fruit borne above blighted buds, healthy, whereas that below such 
buds, badly affected. 
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TABLE 1. — affect of spraying icith dinitro-o-cresylates on the production of spor 
dochia by Sclerotinia laxa in apricot and almond trees during the winter 


Kind of 
tree and 
year 

Materials used and date of spi*aying 

Eeduction in 
the abundance 
of sporodoehia 
on holdover 
twigs^ 

Reduction in 
the infection 
of blossom- 
ing shoots 


i 


Per ce7it 

Per cent 

Apricot, 1939 

Sodium dinitro-o-cresylate (Elgetol), 
0.3 per cent, Jan. 18 

95 

78 

Almond, 1939 

Sodium dinitro-o-cresylate, 0.3 per * 
cent, Jan. 17 

81 

12 

Prune, 1939 

Sodium dinitro-o-cresylate, 0.3 per 
cent, Bee. 15 

53 


Almond, 1940 

Sodium dinitro-o-eresylate, 0.3 per 
cent, Peb. 1 

92 

68 

Apricot, 1941 


r Sodimn dinitro-o-cresylate, 0.3 per 
cent, Dee. 9 

Sodium dinitro-o-eresylate, 0.3 per 
cent, plus ammonium sulphate, 

[ 0.5 per cent, Dee. 9b 

48 

41 


Apricot, 1941 


r Sodium dinitro-o-cresylate, 0.3 per 

1 cent, Feb. 4, 1941 

1 Triethanolamine dinitro-o-cresylate, 

1 0.3 per cent, Feb. 4 

SO 

65 


Almond, 1942 

Sodium dinitro-o-eresylate, 0.3 per 
cent, Jan. 7 

56 

2 


“ Data taken at tlie end of bloom imriod. 

•> Ammonium dinitro-o-cresylate ivas presumably produced by adding ammonium 
sulphate to the sodium salt. 

included all tests in tvhicli the object was to observe the effect of this material 
on production of the sporodoehia by Sclerotinia laxa. These data show a 
great variation in the percentage reduction of sporodoehia,^ when the mate- 
rial was used at a strength of 0.3 per cent of the salt. A reduction of 92 
and 95 per cent., respectively, accompanied its used in two tests, 80 and 81 
per cent in two tests and 48, 53, and 56 per cent in three tests. A decrease 
in blossom blighting folloAved the reduction in sporodochial development, 
but was marked only where a high degree of suppression of sporodoehia 
was obtained. 

In one instance where ammonium sulphate was added to sodium dinitro-o- 
cresylate, thus producing the ammonium salt of dinitro-o-eresol, no differ- 
ence in results followed. In one test triethanolamine dinitro-o-eresylate 
proved somewhat less effective than the sodium salt. 

Furthermore, according to the data in figure 2, the suppressive effect of 
sodium dinitro-o-cresylate decreased between the beginning and the end 
of bloom. In 1939, for example, reduction in the number of sporodoehia 
at the beginning of bloom was 93 per cent, at the end of bloom 53 per cent. 
In 1941 the percentages were 92 and 80, respectively, and in 1942, 80 and 56. 

■< Th.) pcrccutago of the diseased, holdover twigs that produced sporodoeMa and the 
uvorago mirabor ot sporodoehia per twdg were determined on 200 randomly selected twigs 
iroiu oarh treatwl and uontreated plot. The product of these two values provided index 
mimher.s from which the percentage reduction of sporodoehia by the sprays was calculated. 
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Eig. 2. Relative abundance of sporodoehia at tlie beginning (cross bar) and at the 
end (cross bar plus white bar) of blossoming period, in nonspray ed apricot and almond 
trees and in similar trees sprayed in winter and in early spring with sodium dinitro-o- 
cresylate. The sporodochial index number is the product of the percentage of twigs with 
sporodoehia and the average number of sporodoehia per twig. 

To determine the effect of the spray on the viability of the fungus within 
the tissues, twigs receiving sodium dinitro-o-eresylate and nontreated twigs 
were cultured. The number of sprayed and nonsprayed twigs with live 
iihYcelium differed but little, showing that the spray was not, under the 
conditions of these tests, killing the nweelium of the fungus embedded in 
host tissue. Apparently, therefore, the failure of the spray to kill embedded 
mycelium accounts for the development of new sporodoehia between the 
beginning and end of bloom. 

The suppressive effect of other materials also was tested in field studies 
between 1939 and 1942. These were tar oil-emulsion, 3 per cent ; potassium 
ethyl xanthate, 1 per cent ; sodium dimethyl-dithio-carbamate, 0.5 per cent ; 
ferric dimethyl-dithio-carbamate, 0.5 per cent ; an emulsible cresol, 1 per 
cent; zinc sulphate, 0.5 per cent; and ammonium sulphate, 0.5 per cent. 
None of these measurably reduced the development of sporodoehia. In 2 
tests of copper aceto-arsenite (Paris green) 0.5 per cent satisfactory sup- 
pression resulted, but in one test the results were unsatisfactory. This 


These data, furthermore, indicate, as did those in table 1, that (with one 
exception in table 1) the suppression induced by February applications was 
greater than that following the December and January applications. In 
order to test this relationship further, small-scale applications on January 9 
1942, were compared with those made on February 2, 1942. At the earlier 
date sporodoehia had not appeared on the twigs, nor was there evidence that 
they were breaking through the twig periderm. At the latter date, however, 
sporodoehia Acith conidia had appeared, and numerous others were breaking 
through the periderm. When applied at the time sporodoehia were becom- 
ing exposed on the tAvig surfaces, the spray reduced their development by 
77 per cent, but when applied before the sporodoehia became exposed the 
reduction Avas only 39 per cent. 
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material was objectionable in that it seriously injured almond trees in the 
2 tests where suppression of sporodochia was most satisfactory. 

EFFECT OF VARIOUS MATERIALS ON SPORODOCHIA OP SCLEROTINIA LANA 

Attention was next directed to the effect of delaying the sprays until 
shortly before the blossoming period, -when most of the sporodochia are 
exposed on the twig surfaces. If the spray destroyed most of the conidia 
on these structures, blossom infection might be lowered provided the my- 
celium in the twigs produced no new conidia before the trees were through 
blooming. Spraying caiinot, however, be delayed much after the blossom 
buds begin to break, since the materials are known to injure the blossoms. 
Hence, in some seasons as much as two weeks will elapse between spraying 
and the beginning of bloom. 

Ill order to test more materials, and replicate tests of the more promising 
ones, the following method was employed : Blighted, hold-over almond and 
apricot twigs bearing sporodochia were cut from the tree and stood upright 
in moist sand in 6-inch flower pots. They were then thoroughly sprayed 
with the desired material and after the spray dried were placed in a lath 
house where the conditions were essentially those of the outdoors except 
that strong winds were avoided. After a period of one week the spores 
from 10 to 15 sporodochia, picked at random from each group of sprayed 
and nonsprayed twigs, were suspended in separate lots of sterile, distilled 
water. The number of spores in each suspension was adjusted to about the 
same value by the addition of water, and drops of these suspensions were 
placed on the surface of each of several freshly poured plates of potato- 
dextrose agar. After 15 hours incubation at 25° C., the percentage germina- 
tion of spores was determined. The conditions under which these experi- 
ments were conducted favored development of new sporodochia and conidia j 
so, by holding the twigs for a week after the germination tests, the effect of 
the materials on further development of these structures also was deter- 
mined. 

Forty-one materials were tested in 3 tests in February and March, 1941. 
The following at 1 per cent concentration neither destroyed the conidia nor 
prevented their further production : Paris green ; ferric, sodium, and cop- 
per dimethyl-dithio-earbamates ; sodium, copper, and lauryl thiocyanates; 
copper, zinc, and ammonium sulphates ; an emulsible cresol ; mercurochrome ; 
salicylic acid; oxalic acid; hydroquinone ; emulsions of paraformaldehyde, 
xylol, and paradiehlorobenzene ; an alcoholic solution of iodine ; phenothia- 
ziue,* calcium cresylate; calcium cyanamid; sodium chlorate; potassium 
permanganate; potassium clichromate; mercurous chloride; emulsified pine 
oil; and emulsified furfural. The following also were ineffective: 10 per 
cent lime-sulphur, 2 per cent tar oil-emulsion, 0.4 per cent ethyh mercury 
{)hosphate (hignasan), and 0.25 per cent arsenic trioxide. 

bix materials showed enough promise to be included in further trials. 
(Jne per cent sodium tetrachloro-phenate, 1 per cent sodium pentachloro- 
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ptienate, 0.45 per cent sodium dinitro-o-eresylate and 1 per cent sodium 
orthopheuyl-phenate reduced germinability of conidia 96, 80, 73, and 58 
per cent, respectively. One per cent sodium tetrachloro-p-benzoquinone dis- 
solved in a 0.32 per cent sodium hydroxide solution reduced germinability 
47 per cent, -whereas 1 per cent 4-chloro-l, 2-benzoquinone dioxime dissolved 
in 1 per cent ammonium hydroxide reduced germinability only 39 per cent. 
None of these materials, however, prevented the production of ne-w conidia. 
Apparently, therefore, none penetrated the twigs sufaciently to reach and 
kill the mycelium therein. 

In early February, 1942, before resumption of tree growth but after 
sporodoehia became abundant on hold-over twigs, the following materials 
were applied in one apricot and two almond orchards : 0.5, 0.3, and 0.15 per 
cent solutions of sodium dinitro-o-eresylate; 0.15 per cent emulsion of. 
dinitro-o-cresol ; 0.37 and 0.5 per cent solutions of sodium orthophenyl 
phenate, sodium tetrachloro-phenate, and sodium pentachloro-phenate ; 0.15 
per cent of orthophenyl-, tetrachloro-, and pentachloro-phenols, which were 
dissolved in petroleum oil ; and 0.5 per cent tetrachloro-p-benzoquinone dis- 
solved in a 0.3 per cent aqueous solution of sodium hydroxide. About 2 to 
3 weeks after spraying, when the trees began to bloom, the conidia in sprayed 
and nonsprayed trees were tested for germinability. 

According to the results from these tests the highest reductions in ger- 
minability were 53 and 55 per cent, given by 0.5 per cent sodium dinitro-o- 
eresylate and 0.37 per cent sodium tetrachloro-phenate, respectively ; the 
next highest was 44 per cent given by pentachloro-phenol in oil. This low 
reduction in the abundance of viable inoculum was reflected in one orchard 
where the disease developed. In this orchard the 53 per cent reduction in 
viable conidia by sodium dinito-o-cresylate was followed by only a 12 per 
cent reduction of blossom blighting. 

As the eradicant effects of the materials in fleld tests were much less 
than their effects in the lath house tests, an effort -w^as made to determine 
the reason. One reason seemed to be the failure of the materials to penetrate 
into the mass of conidia as they occur on the sporodoehia. In two of the 
field trials a wetting agent -was added. This material previously had been 
shown to increase the penetration of conidial masses by dinitro-o-cresylates 
and ehloro-phenates. Despite the addition of this material, however, the 
spores at the center of the sporodoehia were unaffected by the sprays, though 
the spores at the periphery -v^ere largely killed. 

Possibly another reason for the inconsistency between lath-house and 
field results is the high solubility of the sodium salts of dinitro-o-cresylate, 
and the chloro-phenate. If, as happened ih some of the field tests, heavy 
rains occur a few days after the sprays are applied, the materials may be 
washed from the tree before they exert their maximum influence against the 
fungus. Where twigs sprayed with sodium dinitro-o-cresylate were kept 
moist but were protected from rains by a bell jar, the percentage of spores 
killed within 5 days was ordinarily much higher than where twigs were 
exposed to rains. 
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EFFECT OP SODIUM DINITRO-O-CRESYLATE:, SODIUM ORTHOPHENYL-PHENATE^ 
AND THE SODIUM CHLORO-PHENATES ON CONIDIA AND 
MYCELIUM OF CORYNEUM BEIJERINCKII 

Calcium arsenite applied in January was found to reduce the incidence 
of the infection of almond leaves by Coryneum heijermcMi in the spring. 
In most eases the reduction was noticeable only where the trees had been 
sprayed with 4 pounds of calcium arsenite to 100 gallons of water. In one 
instance this concentration hilled 75 per cent of the conidia of C. l)eijerinckii 
within blighted apricot buds. Concentration of 2 and 3 pounds to 100 gal- 
lons of water, on the other hand, failed to satisfactorily reduce apricot fruit 
infection by this fungus. As a concentration of 4-100 is too injurious to 
use on apricot trees, which are even more tolerant of arsenites than almonds, 
calcium arsenite apparently is not a satisfactory eradicant against this 
fungus. 

In order to determine if the benzene derivatives were effective against 
Cory neum leijermckUy preliminary tests were carried out in the lath house. 
Twigs of apricot and peach, bearing dormant buds blighted by the fungus, 
w^ere collected in the winter. These w^ere stood upright in moist sand and 
sprayed with various concentrations of the test materials. After drying 
the twigs were held in the lath house for one w^eek. In all tests rains fell 
during this period. 

According to the data in figure 3 all materials were noticeably lethal to 
the conidia of Coryneum heijerinckii borne on the inside of the diseased 
dormant buds. The most effective were sodium dinitro-o-cresylate, tri- 
ethanolamine dinitrO“ 0 -cresylate, sodium pentaehloro-phenate, and sodium 
tetrachloro-phenate. Somewhat less effective were 4-chloro-l, 2-benzo- 
quinone, dioxime, tetrachloro-p-benzoquinoiie, and sodium trichloro-phenate. 
The least effective was sodium orthophenyl-phenate. Most of the materials 
appeared to be equally effective at 0.5 and 1 per cent, but all were less effec- 
tive at 0.25 per cent. 

In other tests, twigs sprayed with sodium dinitro-o-cresylate and the 
chloro-phenates W'Cre kept in moist chambers to prevent the sprays from 
drying. ’Within 48 hours most of the conidia inside the diseased buds were 
badly shriveled. 

Sodium dinitro-o-cresylate, 0.5 and 0.3 per cent, applied to almond trees 
on January 29 did not materially reduce the disease subsequently develop- 
ing on fruit and leaves, although an examination at the beginning of bloom 
showed that but few viable eondia were present in blighted buds and on the 
surface of blighted spurs. Judging from the results given in table 2 and 
discussed below’', it seems likely that between the time this examination was 
made ami the development of leaves and fruit the fungus might have pro- 
duced a mwv lot of conidia in buds on the treated trees. 

The effect of sodium tetrachloro-phenate, sodium pentaehloro-phenate, 
and tetrachloro-p-benzoqiiinone on conidia in apricot buds is shown in table 
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2. The sprays were applied on February 11 as the blossom buds were swell- 
ing. Examinations at the beginning (Feb. 18) and at the end of bloom 
(March 3) showed few viable conidia in buds sprayed with the chloro- 
phenates, but somewhat more in those sprayed with the benzoquinone. On 
May 14, however, after the disease had made its appearance on fruit there 


■'I 

I 

80 

\ 

•<s 70 

I 










Co/7ce/7^n:7u/o/7 ^ percent^ of /77a^cr/a/ //? we 

Fig. 3. Effect of spraying with different materials on the conidia of Corynemn l)ei~ 
jerinckii in the diseased peach buds. A. Sodium dinitro-o-eresylate. B. Triethanolamine 
dinitro-o-cresylate. C. Sodium pentaehloro-phenate. B. Sodium tetraehloro-phenate. E. 
4-chloro-l, 2-benzoquinone dioxime dissolved in ammonium hydroxide. E. Sodium tri- 
ehloro-phenate. G. Tetrachloro-p-benzoquinone dissolved in sodium hydroxide. H. vSediumt 
orthophenyl-phenate. 

were numerous viable conidia in buds sprayed with all materials. Leaf in- 
fection wms too sparse for test purposes, but fruit infection was somewhat 
more abundant. The data (Table 2, column 5) show^ that none of the mate- 
rials significantly reduced the disease on the fruit. 
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DISCUSSION 

Since Keitt;^ described tlie eradicant effect of sodium diiiitro-o-eresylate 
(Elgetol) against the perithecial stage of Verihiria inaeqiialis (Cke.) 
■\Yint. in oyer-wintered apple leaves, a immber of apparently successful at- 
tempts to control this and other diseases have been reported. So far as the 


TABLE 2 . — Effect of spraying with the chloro-phe nates and ietrachloro-p-'bemo- 
quinone on the conidia of Coryneim heijerincMi in diseased buds and on apricot fruit 
infection, 19 4£ 


Treatment on February 11“ 

Percentage spores nonviable Avlien 
taken from buds on 

Percentage 
fruit infected 

Feb. 18»> 

March 3c 

May 14d 

on May 14 

Nonsprayed 

Sodium tetracbloro-plienate, 0.5 

15 

21 

' 27 ' 

17 

j>er cent ^ 

Sodium pentacliloro-pbenate, 0.5 

84 

97 

39 

12 

per cent 

Tetrachloro -p-benzoquinone, 0.5 

90 

96 

33 

14 

per eent« 

Difference for significance at 

57 

89 

21 

18 

99:1 odds 

11 

5 

9 

6 


a All organic wetting agent, 0.1 per cent added to each siiray. 

Blossoms opening, 
e Fruit beginning to grow, 
d Fruit Vs grown. 

«To dissolve this material 5 oz. of sodium hydroxide Avas added for each pound. 

present writer is aware, however, no tests of other cresylates, of the phenates, 
or of related compounds have been reported. Although, on the whole, un- 
successful as eradicants against the fungi tested herein, the phenates, par- 
ticularly tetrachloro- and pentaehloro-phenate, show enough promise to be 
tried against such fungi as have yielded to sodium clinitro-o-cresylate. 
None of these materials approached the effectiveness of calcium arsenite 
in suppressing the development of sporodochia by Sclerotinia laxa. Partial 
suppression is little better than no suppression, since the fungus produces 
such an abundance of sporodochia, especially in almond trees. The relation 
of the degree of sporodochial suppression to the degree of reduction in blos- 
som infection is illustrated in table 1, where a 95 per cent reduction of sporo- 
dochial development in 1939 was accompanied by a 78 per cent decrease in 
blossom blighting, whereas an 81 per cent reduction in the same year was 
accompanied by only a 12 per cent decrease. 

One weakness of these materials as eradicants against both Sclerotima 
laxa and Corijneum heijermckii h their failure to kill the mycelium within 
the twigs and buds. A second point of weakness is their failure to penetrate 
Hie nuisses of conidia produced h}\Scle7^otmm laxa on the sporodochia. It 
may b(* that their penetration into the sporodochia will be increased by a 

*> Kfitt, (x, W. Toxicity of tlie sodium salt of diuitro-o-eresol to Y enturia inaequaUs. 
Hcwmto (ji. s.) 90: UUM40. 1939. 
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proper supplementary material added to the spray, but such a material is 
yet to be found. A third point of weakness is believed to be their solubility. 
How much can be done with less soluble salts is yet to be shown. 

To a certain extent failure of sodium dinitro-o-cresylate to lower the 
incidence of the shot hole on almond leaves and fruit is attributable, pos- 
sibly, to occurrence of secondary infection. With this disease the critical 
period for attack of leaves and fruit extends from the time they appear 
until spring rains of sufficient length to allow for infection are at an end. 
The fungus produces conidia in abundance on infected blossoms and very 
young leaves, hence each one is a source of conidia for secondary infection. 

SUMMARY AND CONCLUSIONS 

Of 41 materials tested for ability to eradicate the holdover stage of 
Sclerotinia lacm from apricot and almond trees, only 6 showed enough 
promise for further tests. These were 0.5 and 0.3 per cent solutions of 
sodium dinitro-o-cresylate (Elgetol), and 1 per cent solutions of sodium 
tetrachloro-phenate, sodium pentaehloro-phenate, sodium orthophenyl-phe- 
nate, tetrachloro-p-benzoquinone, and 4-ehloro-l, 2-benzoqumone dioxime. 

In extended trials these materials showed only moderate ability to pre- 
vent the sporodochia (the conidia-bearing mats) from developing on the 
blighted twdgs during the winter primarily because they did not kill the 
mycelium of the fungus within these twigs. 

After sporodochia developed, however, the materials under some condi- 
tions v^ere fairly effective in destroying them and the conidia borne thereon. 
Sodium dinitro-o-cresylate, sodium tetrachloro-phenate, and sodium penta- 
ehloro-phenate proved somewhat more injurious to the sporodochial stage 
than sodium orthophenyl-phenate, tetrachloro-p-benzoquinone or 4-chloro-l, 
2-benzoquinone dioxime. Wide variability in the percentage of conidia 
killed, however, was experienced in different tests. In orchard tests in 1942 
none reduced the primary inoculum sufficiently to insure an appreciable low- 
ering of the amount of blossom infection by the fungus. 

Triethanolamine dinitro-o-cresylate, ammonium dinitro-o-cresylate, di- 
nitro-o-cresol, orthophenyl-phenol, tetrachloro-phenol, and pentachloro- 
plienol, at the concentrations used, proved no more effective than the sodium 
salts. 

The sodium salts of dinitro-o-cresol and the two chloro-phenols were 
about equally effective in killing the conidia of Goryneiim heijerincMi, wffiieh 
are produced within blighted dormant buds on apricot, peach, and almond 
and constitute the primary inoculum for fruit and leaf infection in the 
spring. Within one week after applying 0.5 or 1 per cent solutimis of those 
materials to diseased twigs, 80 to 95 per cent of the conidia were dead. 
Orchard tests, however, proved that the fungus later produced numerous 
new condia within sprayed buds, apparently because the spray had not 
killed the mycelium within the host tissue. Unsatisfactory control of fruit 
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and leaf iiifeetion in almond and apricot resulted, both because of this 
production of new conidia and possibly because of secondary infection aris- 
ing from conidia produced on leaves and blossoms that "were infected by 
primary inoculum from the buds. 

Unless these materials are rendered more capable of penetrating the 
coiiidial masses on the sporodochia of Sclerotinia laxa and of entering the 
tissues and killing the mycelium both of S. laxa and Coryneum heijerinckii 
ill the diseased twigs, they apparently will not be successful as eradicant 
sprays against the diseases in question. 

Division of Plant Pathology, 

University op California, 

Davis, California. 



EFFECTS OF EXTRACT OF WESTERN RED-CEDAR HE ART WOOD 
ON CERTAIN WOOD-DECAYING FUNGI IN CULTURE^ 

Chester M. Southam^and John Ehelich» 

(Accepted for publication September 7, 1942) 

INTRODUCTION 

Previous vorkers have shown that the 'water-soluble extractives of 
western red-cedar {Thuja plicata D. Don) heartwood include a substance, 
probably phenolic, which is toxic to Lenzites saepiaria Wulf. ex Fr., Len~ 
imus lepideus Fr., Fames annosus (Fr.) Cooke, and “Madison 517’’^ (4, 
b 1) 2). Removal of this substance by water leaching results in a marked 
reduction in the well-knowm resistance of the heartwood to fungal decay 
(4, 7, 5, 6). In spite of the natural durability of western red-cedar heart- 
wood in service, heart rot is common in mature stands. Since fungi evi- 
dently in\ ade the heart’wood in spite of the toxic substance, it seemed de- 
sirable to investigate the effects of various concentrations of western red- 
cedar heartwood extract on growth of certain common wood-decaying fungi 
in culture. 

EXPERIMENTAL WORK 

Preparation of Extract and Media 

The extract used vcas prepared by reducing to sawdust the heartwood 
of a bolt cut from the lower part of the trunk of a freshly felled western 
red-cedar approximately 15 inches in diameter at breast height (4.5 feet). 
A 950-g'. portion of this sawdust w'as placed in flasks and covered with dis- 
tilled water. The mixture was kept, with occasional shaking, for a period 
of tAvo weeks, during which time it was maintained at a temperature of 
100° C. (by means of flowing steam) for a total of 50 hours. No attempt 
was made to avoid oxidation of the extractives. Upon filtering through a 
Buchner funnel, 8 1. of filtrate were obtained. Since 8000 ml. of filtrate 
were recovered from 950 g. of wood, 8.4 ml. contained the extract from 1 
g. of wood. A 1-per cent solution (defined as a solution containing the 
extract from 1 g. of w'ood in 100 ml. of solution) was prepared by taking 
8.4 ml. of the above extract and making up to 100 ml. wdth distilled water. 
This system was employed in order to provide a standard method of 
designating concentrations of extracts based on the weight of wood repre- 
sented per unit volume of extract. When the results of the present experi- 
ments are compared with those of a preliminary experiment, in which an- 

. . Owens, formerly Assistant Professor of Chemistry, University of Idaho 

kindly criticized the manuscript. ’ 

2 University Teaching Fellow, University of Idaho. 

‘^ Associate Professor of Forestry, University of Idaho. 

^ ''Madison 517^' is culture number 517 of the Forest Products Laboratory, Madison 
Wisconsin. This culture is the same one used by Anderson and Sherrard Q), who referred 
to it m Fomes annosus (personal communication from E. 0. Sherrard). Cartwright fin 
Tians. Brit, Myc. Soc. 22: 232— 233. 1939) has shown that it is probably Folyporus 
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other batch of extract was used, and with those of other workers (7, 2) after 
converting their figures into terms of percentage, it becomes evident that 
such percentage figures denote rather definite degrees of toxicity, although 
it is realized that the degree of toxicity for a given concentration of extract 
will vary with the concentration of toxic substances in the wood sample 
and with the completeness of the extraction. 

Media containing the toxic extract were made according to the follow- 
ing formula: 

2 g. ^^Difco Bacto-agarl’ 

2.5 g. desiccated ^^Difco malt extract 

Volume of aqueous heartwood extract necessary to furnish 
desired percentage 

Volume of water to make up to 100 ml. 

In order to prepare media containing over 10 per cent of extract it was 
necessary to concentrate the extract. For this purpose some of the extract 
was evaporated so that 4 ml. represented 1 g. of wood. The evaporation 
was carried on at 50° C., at atmospheric pressure. 

Manipulation of Fungi 

The following fungi were used in the tests : ConiopKora puieana (Schum. 
ex Fr.) Karst. = C. cerehella (Pers. ex Fr.) Schroet., Fomes officinalis (Vill. 
ex. Fr.) Faull = F. laricis (Jacq. exFr.) Murr., F. pinicola (Swartz) Cooke, 
F. roseus (Alb. and Seliw. ex Fr.) Cooke, Lentimis lepidens Fr., '‘Madison 
517,” Polyportis scJiweinitzii Fr., P. sulphureus Bull, ex Fr., Poria xantha 
(Fr.) Lind, forma crassa (Karst.) Baxt., Trametes serialis Fr., and T. suh- 
rosea Weir. 

Circular planting pieces 1 sq. cm. in area were transferred, mycelium 
side up, from the margins of actively growing malt-agar, Petri-dish cul- 
tures to the centers of duplicate Petri dishes of test media containing 
various concentrations of w^estern red-cedar heartwood extract. Duplicate 
control plantings were made on medium prepared as described above but 
without any extract. The diameter of the resulting mycelial mats was 
measured every 4 days until the mycelium on the control medium reached 
the edges of the plates. Growth was recorded as percentage of normal 
growth (diameter of fungus on test medium x 100 / diameter of fungus on 
control medium). 

Eesults of Growth Tests 

Since measurements of duplicate cultures were found to be practically 
identical (with a few exceptions on media containing high concentrations 
of extract), only the means of measurements in duplicate plates are pre- 
sented. Table 1 shows that any considerable concentration of the extract 
(4 per cent or over) retarded the rate of growih of all of the tested fungi, 
and that somewiiat higher concentrations completely prevented growdh. 
Tins is in agreement with the findings of other wwkers (4, 7, 1, 2, 3) . 
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TABLE 1,~— Percentage of normal growth on malt agar containing various concen- 
iraiions of western red-cedar heartwood extract 


Species 

tested^ 

Age of 
culture 

Percentage concentration of extract in mediumb 

1 

i 

1 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 


Pays 




Per 

cent of normal growth<^ 





Tram etes serialis 

4 

8 

100 

100 

100 

95 

90 

95 

85 

82 

60 

60 

40 

45 

5 

35 

G 

35 

G 

40 

G 

35 

G 

30 

0 

G 

0 

P 

0 

0 

0 

B 


4 

100 

110 

110 

110 

92 

60 

G 

0 

0 

0 

0 

0 

0 

0 

0 

Fomes roseus 

8 

100 

105 

108 

95 

90 

70 

53 

50 

40 

37 

0 

0 

0 

0 

0 


1 12 

100 

100 

100 

95 

90 

80 

65 

63 

60 

50 

P 

P 

P 

0 

B 


4 

110 

100 

95 

90 

60 

G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Trametes sutbrosea 

8 

107 

105 

100 

100 

80 

60 

40 

30 

30 

33 

0 

0 

0 

0 

0 


12 

105 

100 

100 

100 

90 

83 

60 

45 

37 

40 

0 

0 

0 

0 

B 

Madison 517” 

4 

100 

100 

100 

90 

75 

60 

45 

25 

28 

24 

0 

0 

0 

0 

0 

8 

100 

95 

90 

90 

85 

73 

60 

30 

30 

25 

P 

P 

p 

0 

B 


4 

100 

100 

100 

100 

80 

60 

G 

G 

G 

0 

0 

0 

0 

0 

0 

Lentinus lepideus 

8 

100 

105 

110 

95 

83 

70 

50 

45 

30 

0 

0 

0 

0 

0 

0 


12 

110 

100 

100 

90 

80 

75 

60 

55 

35 

P 

p 

P 

p 

0 

B 

Polyporus 

4 

100 

105 

105 

100 

55 

G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

sidphureus 

8 

100 

105 

105 

100 

80 

63 

40 

32 

32 

D 

D 

B 

B 

B 

B 


4 

H 

H 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


8 

150 

177 

G 

G 

G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Fames officinalis 

12 

125 

134 

65 

G 

G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


16 

120 

125 

81 

71 

64 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 


20 

115 

113 

90 

80 

80 

40 

G 

P 

P 

P 

P 

F 

p 

p 

pd 

Polyporus 

4 

100 

105 

100 

50 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

schweinitzii 

8 

100 

100 

100 

70 

P 

P 

P 

P 

p 

D 

D 

B 

B 

B 

B 


4 

100 

90 

80 

60 

G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Fames pinicola 

8 

95 

85 

77 

62 

42 

G 

0 

0 

0 

0 

0 

0 

0 

0 

0 


12 

100 

85 

78 

70 

48 

20 

D 

D 

D 

D 

B 

B 

B 

B 

B 

Coniophora 

puteana 

4 

8 

100 

100 

100 

100 

100 

100 

83 

90 

G 

54 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

100 

100 

100 

95 

58 

D 

D 

D 

De D 

B 

B 

B 

B 

B 

Poria xantha 

4 

105 

120 

95 

G 

0 

0 

0 

0 

,0 

0 

0 

0 

0 

0 

0 

f. crassa 

8 

130 

130 

110 

10 

G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

110 

110 

105 

88 

55 

D 

D 

D 

p 

D 

B 

B 

B 

B 

B 


G = growth evident on planting piece but not on test medium. 

H = hormesis: stimulation indicated by growth on test medium prior to growth on 
control medium. 

P = f ungistasis : growth prevented but mycelium not killed. 

I) = death: mycelium failed to grow when planting piece transferred to normal 
medium. 

a Fungi arranged in order of decreasing growth. 

b Grams of wood represented per 100 ml. of medium. 

c ^'Normal growth^’ refers to growth on control medium. 

Another batch of extract was found to be lethal to Pomes ojflcinalis. Growth rates 
of other fungi on various dilutions of this extract indicate that its concentration was 
probably between 30 and 35 per cent. 

eln another series of tests one planting piece of Coniophora put eana grew on test 
medium containing 12 per cent of extract. 

In order to learn whether the planting pieces that did not grow w’-ere 
dead, or merely static, they were removed to ordinary malt-agar niediuni 
after the test period. This test showed that all non-growing planting pieces 
of Ooniopkora puteana^ Fames pinicola, Fohjporus siilpJmreus, Poria xantha 
f. crassa, mi^ TrameAes subrosea were dead, whereas some planting pieces of 
Pomes officinalis^ F. rosens, Lentimis lepidens, ‘‘Madison 517,” and Poly- 
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porus schweinitzii resumed growth. These results indicate that within the 
test period some concentrations of the toxic extract were completely fungi- 
static, but not lethal, to certain of the fungi.'* This study did not indicate 
whether continued exposure would kill the static plantings, or whether they 
would eventually grow. 

An increase in growth rate of many of the fungi in extreme dilutions 
of the extract is also evident from the data in table 1. This accelerated 
growth rate tended to decrease with time and approach the normal rate 
{e.g., Pomes officinalis). It is possible that this accelerated growth is 
caused by some nutritive portion of the extract, but such an explanation 
would hardly account for the subsequent slowing down (towards the normal 
growth rate) because, if this explanation were correct, the increased rate of 
growth would presumably be maintained as long as there remained an ex- 
cess of medium to furnish nutrients. It is more likely that the phenomenon 
represents an initial response, followed by progressive desensitization to 
subinhibitory concentrations of a toxic constituent of the extract. The 
term hormesis (adj. hormetic) is proposed to designate such a stimulatory 
effect of subinhibitory concentrations of any toxic substance on any or- 
ganism. 

Acquired Resistance 

Table 1 also shows that fungistasis decreased wdth time {e.g., Pomes 
offi.cmalis) as if the fungi, after continued association with the toxic ma- 
terial, became able to tolerate or resist it, with a consequent increase in 
growth rate. This decrease in fungistasis suggested that a fungus might 
become adapted to high concentrations of toxic extract if it were gradually 
subjected to successively higher concentrations. In order to test this pos- 
sibility plantings from the highest percentage of extract (in malt-agar 
medium) on which each fiuigus originally gre-w w^ere transferred to a 


TABLE 2 . — Concentrations of extract allowing growth hefore and after adaptation 


Species 

tested 

Original tests 

After adaptation 

Highest concentration 
on which growth 
occurred 

Lowest 

lethal 

concentration 

Highest concentration 

1 tested on which 

growth occurred 


Percentage concentration of extract in m-edium 

Tramefes serialis 

18 

22-24a 1 

24 

Foines rosens 

14 

22-24 

24 

Tramcies suh rosea ......... 

14 

16-24 

18 

“Madison 517” 

14 

22-24 

24 

Lentimis lepideus 

12 

22-24 

22 

Polyporus sulphureus ... 

12 

14 

24 

Po 1 yp 0 riis schweinitzii 

6 

14 

14 

Pomes pinicola 

6 

8 

18 

Conlophora puteana ... 

4 ■ 

6 

14 

Poria xantha f. crassa 

4 

6 

14. 


a The precise lethal eoncentratioas were not determined for the hrst five species. 

Toxic” is used in the sense of injurious, whether fatal or not; / Uethal”’ in the 
sense of fatal; and * ‘fungistatic,^^ in the sense of inhibitory but not lethal. 
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slightly higher percentage of extract. It was f oniid that each of the fungi 
had become able to grow on these higher concentrations. The fungi were 
then re-transferred to still higher concentrations of extract. By this pro- 
cedure it was found that each of the tested fungi could be made to grow 
on concentrations of extract w^ell above the highest concentration on which 
each originally grew’-.® The pertinent data from these tests are recorded in 
table 2. The fungi undoubtedly could have been made to grow on much 
higher concentrations of the toxic extract by this method of adaptation. 

Zone of Decoloration on Test Media 

111 media containing extract a zone of decoloration was observed extend- 
ing a centimeter or less beyond the periphery of the mycelium of Fomes 
officinalis y Fomes pinicola^ Poria xantha f. crassa, and Trametes serialis 
(Fig. 1, A, B). In plantings of Poria xantha f. crassa the zone of decol- 
oration wms present even around killed planting pieces (Fig. 1, 0). 



Fig. 1. Zone of decoloration in medium containing western red-cedar heartwood 
extract. A, decoloration around growing culture of Fomes pinicola; B, decoloration 
around growing culture of Poria xantha f. crassa; C, decoloration around killed planting 
piece of P. xantha f. crassa. 

The possibility that this loss of color was the result of diffusion from the 
extract medium towmrd the planting pieces seems untenable for several 
reasons. Decoloration did not occur with all fungi, and wms observed with 
killed planting pieces of only one fungus. Observations indicate that the 
color is held in an adsorption complex on the agar/ in which state diffusion 
wmild be impossible. The margin of the decolorized zone was quite definite, 
w^hereas if the loss of color w^ere the result of simple diffusion into the plant- 
ing piece a gradual transition would be expected. 

The zone of decoloration, therefore, is considered to have resulted from 
leaching of metabolic products from the fungus into the surrounding 

6 Fomes officinalis was not included in these tests. 

7 Two facts indicate that the brown color of the extract is tied up in an adsorption 
complex when mixed with the medium: no Liesegang rings were present in the decolorized 
zone, which might be expected if the chromophore were capable of diffusion; the zone of 
decoloration was permanent, still being evident around the killed plantings of Poria xmitha 
f. crassa two months after planting, whereas if diffusion of color were possible tluj de- 
colorized zone would eventually darken. Apparently the ehromop)hore is not colloidal when 
in water solution, because after filtering the extract through a Berkefeld filter the filtrate 
gave no indication of colloidality but still retained its brown color. It seems likely, there- 
fore, that the color is held by adsorption to the particles of agar when in the medium. 
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medium •wiiere a chemical reaction produced the lighter color. The killed 
planting pieces of Foria xantJia f. crassa must have produced enough of 
these metabolic substances before death to cause decoloration. Since this 
phenomenon occurred on media containing extract, and not on the control 
medium, it must have been the extract, and not the malt, that lost color. 

Little is known concerning the chemistry of the cedar extract. Ander- 
son and Sherrard (1) obtained two fractions from the aqueous extract, one 
of which they purified and identified as dehydroperillic acid. This sub- 
stance was colorless and non-toxic to ''Madison 517'’ in culture. They 
found the other fraction colorless also, toxic to "Madison 517," and prob- 
ably phenolic.® Since phenolic compounds, although commonly colorless, 
characteristically oxidize to give a brownish color, it \vould seem to follow 
that the toxic portion of the extract becomes brownish on exposure to air.^ 
If this be so, it is highly probable that the toxic portion of the extract is in- 
volved in the decoloration reaction. This wnuld mean that the fungi caus- 
ing the zone of decoloration do not grow in the presence of the toxic portion 
of the extract, but change it chemically (apparently to a non-toxic material) 
before advancing. This theory is strictly applicable only to those fungi in 
which the zone of decoloration was observed. There is no evidence at the 
present time to indicate the possible mechanism of growth of other fungi 
when subjected to cedar extract; yet it is quite possible that a similar mech- 
anism holds for other fungi, the products of the reaction between the ex- 
tract and the fungal product not being distinguishable, on the basis of color, 
from the unchanged extract. 

Ability to overcome increasingly high concentrations of the toxic heart- 
wood extract by virtue of this mechanism may well explain the advance of 
decay-producing fungi through the heartwood of living western red-cedar 
trees. 

Other Cultural Characteristics on Extract Media 

In young cultures (2-3 cm. in diameter) of "Madison 517" the extract 
medium beneath the planting piece was darkened to an orange-brown. This 
color advanced as the mycelium grew, the area beneath the planting piece 
fading to a straw color. On old cultixres, wdiich completely filled the plates, 
the orange-brown color eventually disappeared completely, leaving the 
medium straw-colored throughout. Since these color changes were more 
pronounced on higher concentrations of extract, and since the ring of 

8 The present study has also furnished evidence that the extract contains a phenolic 
group: (a) a very dark orange color is produced when a few drops of ferric chloride are 
added to the extract; (b) a white precipitate is formed with bromine water; (e) the ex- 
tract, which is straw-colored when fresh, gradually darkers to dark brown upon exposure 
to air. (Growth tests with old, darkened extract gave the same results as tests with cor- 
respoiiding concentrations of fresh, light-colored extract, indicating that oxidation does 
not alter degree of toxicity, a characteristic that also holds for phenol.) Eeaetions a 
and 1) also occur after all colloidal particles have been removed by filtration through a 
Berkefeld filter. ^ 

Possibly some non-toxic portion of the extract is also oxidized by atmospheric oxygen 
to give a l>rown color, in which case the decoloration might not concern the toxic portion 
ot the extract exclusively. 
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orange-brown advanced as the mycelium grew, it appears that the color 
resulted from changes in the extract caused by the fungus. This is another 
indication that this fungus causes chemical changes in the extract, and does 
not merely grow in its presence, although there is no evidence to indicate 
whether this color is a product of the toxic portion of the extract or of some 
non-toxic part. 

Certain of the fungi (notably Polyporus sulphur etis) , which produce 
azonate mycelium on ordinary malt-agar medium, exhibited pronounced 
zonation on media containing high concentrations of extract. 

Mycelial mats were almost invariably thicker on media containing ex- 
tract than on ordinary medium. 

Incidental Data 

When samples of the extract were allowed to evaporate to dryness, 
and weighed, 4.5 g. (average of 3 determinations) of extractives were ob- 
tained from each 100 g. of air-dry wood. This figure is probably low due 
to volatilization of solids during evaporation, because blocks (from another 
tree) when leached lost an average of 8.2 g. per 100 g. of oven-dry wood. 
Using this latter method Cartwright (2) obtained values of 5 per cent to 
6.9 per cent. 

The acidity of increasing concentrations of the extract was determined 
potentiometrically. It was found that the pH decreased rapidly to 3.5 for 
8 per cent extract, beyond which there was very little change, a 24 per cent 
solution having a pH of 3.2. Such a curve is characteristic of the weak 
organic acids. Cartwright (2) reports that extracts from 2 trees showed 
pH values of 2.2 and 4.5. An attempt was made, with various cultures, to 
detect differences in pH between the decolorized zone and the unchanged 
medium beyond the decolorized zone. The results were so inconsistent 
that no conclusions could be reached. 

High concentrations of extract prevented the agar from gelling com- 
pletely, possibly due to its acidic reaction. 

SUMMARY AND CONCLUSIONS 

The hot-water-soluble extractives of western red-cedar heartwood were 
removed at 100° C. from sawdust and mixed, in various concentrations, with 
malt-agar medium. Several species of wood-decaying fungi ^vere planted 
on these media and their growth rates were measured. Growth characteris- 
tics of the fungi in the presence of the toxic extract were recorded. The 
following conclusions were reached. 

Extreme dilutions of the extract are hormetic (stimulatory), at least to 
some fungi. 

The degree of hormesis decreases with the age of the culture. 

Any considerable concentration of the extract is fungistatic, and in suf- 
ficient concentration the extract is lethal to the tested fungi. 

The degree of fungistasis decreases with the age of the culture. 
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Fungi can be adapted to normally lethal concentrations of the extract 
if they are grown on successively higher concentrations of the extract in a 
malt-agar medium. 

Some, at least, of the tested fungi secrete metabolic products that de- 
colorize the surrounding medium and apparently overcome its toxicity. 
School op Forestry, 

University of Idaho, 

Moscow, Idaho. 
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PHYTOPATHOLOGICAL NOTES 


The Bulb or Stem Nematode on Alfalfa^ Sweet Clover, and White Clover. 
^Tlie bnlb or stem nematode, Bitylenchns dipsaci (Kiihn) Pilipjev, has a 
host range comprising over 300 plant species. Within. this nematode species 
there exist biologic strains that infect only one host, and others that infect 
several hosts. The experiments recorded here show that a strain of D. dip- 
saci from alfalfa was capable of infecting 3 different hosts. 

In April, 1942, a field of alfalfa, Medicago sativa L., near Reno, Nevada, 
was observed in which a high percentage of the plants was infected with D. 


Fig. 1. Shoots of sweet clover plants. A and B. Naturally infected with Bitylenchus 
dipsaci. C. Not infected. 

dipsaci Many sweet clover plants, Melilotus alba Desr., w’-ere present in this 
field and at least 50 per cent bore swollen, distorted buds, heavily infected 
with stem nematode (Fig. 1). A few plants of white clover, Trifolium 
repens L., also w^ere found with characteristic symptoms. Plants of red 
clover, T. pratense L., were present but apparently were not infected. 

Under greenhouse conditions, cross inoculations were made betw^een in- 
fected and noninf ected alfalfa, sweet clover, and white-clover plants to de- 
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termine if the same strain of eelworm was parasitizing the 3 plant species 
found naturall.y infected in the field. Inoculations were made by scattering 
pieces of neinatode-infected buds among the crowns of nematode-free plants 
and covering them with a thin layer of sand, kept moist to favor the nema- 
todes. The following transfers were successful : alfalfa to alfalfa, alfalfa to 
sweet clover, sweet clover to alfalfa, sweet clover to sweet clover, and 'white 
clover to alfalfa. Check plants remained free from infection. Transfers 
were regarded as positive only when microscopic examination showed that 
the life cycle of the nematode was completed within the tissues of the host 
plant. 

The experimental transfers, the natural plant infections in the field, and 
the fact that no apparent morphological differences exist among specimens 
from the three hosts, sho'w quite definitely that this strain of Ditylenchus 
dipsaci was parasitic on alfalfa, sweet clover, and white clover. 

Experiments under identical conditions, using alfalfa buds inf ected- wdtli 
Ditylenchiis d/ipsaci, colleeted near Minden, Nevada, failed to produce infec- 
tion on SAveet clover. This may indicate that populations differing in host 
preference may exist in the two localities. — Oliver P. Smith, Associate 
Pathologist, Division of Forage Crops and Diseases, Bureau of Plant Indus- 
try, Agricultural Research Administration, U. S. Dept, of Agriculture, Reno, 
Nevada, and Merlin W. Allen, Assistant Nematologist, Division of Nema- 
tology, Bureau of Plant Industry, U, S. Dept, of Agriculture, Salt Lake 
City, Utah. 

Phoma terrestris in the Boots of Mature Maize Plants} — In the autumns 
of 1941 and 1942, Phoma terrestris Hansen was isolated alone, and in com- 
bination with Fiisarium mo7iiliforme, Pythium sp., or miscellaneous fungi, 
from pink roots of plants of yellow dent corn growui on the University farm, 
Madison, Wisconsin. 

Pyenospores were formed in culture in 1941 ; in 1941 and 1942 the rose- 
color hyphae and olive-brown ''pycnidial primordia'^ characteristic of Phoma 
terrestris^ were visible in the root tissues. The slender pink hyphae had 
penetrated the stele (Pig. 1, A) ; the pycnidial primordia were found most 
often in the cortical layers of the root, within the cells of the endodermis 
(Pig. 1, B), and in the small rootlets (Fig. 1, C). This organism differed 
from the common run of fungi in that the rose color of the hyphae remained 
unchanged during the process of killing, dehydration, and embedding, 
Pormol-acetic alcohol was the killing solution used, followed by alcohol, 
chloroform, and paraffin. 

I he fungus was isolated from the plants of several single crosses, among 
which there appeared to be some differences in susceptibility to the root 
injury. 

UV)opcnitiv(> invc^^itigation between the Division of Cereal Crops and Diseases, 
I lant Industry, Agricultural Besearch Administration, IT. S. Department of 

Agrinilture, and the Wisconsin Agricultural Experiment Station. 

704 " the pink-rot disease of onions. Phytopath. 19: 691- 
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Fig. 1. Photoraierograph,s of paraffin sections of corn roots and rootlets showing 
Flwma terrestris within the tissues. A. Cross section of root showing the rose-color 
hyphae of the fungus in the cells and vessels of the stele, x 290. B. Cross section of root 
containing pycnidial primordium and olive-brown hyphae in the endodermal cells and rose- 
color hyphae in the stele. X 500. C. Pycnidial primordium in the cortex of a root, and 
both primordia and pink hyphae in the rootlet. x425. All sections were lightly stained 
with fast green to render the host tissue visible. Safranin was used also in B, to differ- 
entiate the endodermal cells. The fungus needed no stain. (Photomicrographs made by 
Eugene H. Herrling, Department of Plant Pathology, University of Wisconsin, Madison, 
Wisconsin.) 
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Kreutzei-’ included corn in Ms list of young crop plants slightly sus- 
ceptible to attack by Pkonia terrestris. His experiments were conducted 
with seedlings in flats of autoclaved soil. In the present case natural infec- 
tion occurred in the field, and the plants were mature when examined. 
Consequently, it is not known at Avhat stage in the development of the plants 
the fungus had entered the roots, nor the amount of injury caused by the 
attack. ' It is believed, however, that pink root of mature corn plants here- 
tofore has not been ascribed to P. terrestris within the root tissue.— Helen 
Johann, Department of Plant Pathology, University of Wisconsin, Madison, 
Wis. 

Scolecospores in Diplodia manrosporaJ— While examining platings of 
rotted corn kernels from a market sample of the 1942 crop, from Wye Mills, 
Maryland, a culture of Diplodia macrospora Earle with abundant seoleeo- 
spores recently was observed. This is of two-fold interest in that seoleco- 
spores have been hitherto unreported in D. macrospora, and, according to 
the records in the Division of Mycology and Disease Survey, Bureau of 
Plant Industry, U. S. Department of Agriculture, this is the first recorded 
incidence of this species of Diplodia in Maryland. 

Whether or not the scolecospores occurred separately or in conjunction 
with the pyenospores within the same pyenidium was not ascertained, inas- 
much as both spore forms were seen only after a mount had been made of 
a small cluster of crushed pycnidia scraped from the surface of the corn 
kernel. In her discovery of scolecospores in D. zeae, in 1939, Miss JohaniP 
described this spore form as occurring either alone or with the bicellular 
pyenospores in the pyenidium. 

The relative infrequency of Diplodia macrospora in Maryland is attested 
by the fact that during the course of a corn-ear-rot survey,, now going into 
the 10th consecutive year, approximately 3,000 cultures of D. zeae were 
plated from this State before the first culture of D. macrospora was found. 
— Paul E. Hoppe, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, University of Wisconsin, Madison, Wis. 

Plot Technique for Disease-control Studies on Fine Turf. — Investigation 
of chemical control of fine-turf diseases is conditioned by two major diffi- 
culties : 1. Paucity of experimental plots exhibiting the disease, and 2. Diffi- 
culty of finding sufficient area to minimize the error introduced by appor- 
tioning the small quantity of necessary chemicals. 

Certain diseases, e.g., dollar spot, are easily induced by artificial inocula- 
tion. The pathogen can be cultured readily on sterilized grain. If the 

3 .Kreutzor, W. A. Host-parasite relationships in pink root of Allium cepa. II. 
Tiit‘ action of Fhoma terrestris on Allium cepa and other hosts. Phytopath. 31: 907-915. 
1941. 

^ Cooperative investigations between the Division of Cereal Crops and Diseases, 
liureau of Plant Industry, Agricultural Eesearch Administration, IJ. S. Department of 
.Xgriculture and the Wisconsin Agricultural Experiment Station. 

y Johann, Helen. HmleconpateB hi Diplodia seae. Phytopath. 29 : 67-71. 1939. 
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iiioeiilum be broadcast over the area, infection ocenrs in 2 to 3 days. Infec- 
tion can be intensified by leaving the clippings of the first and second mow- 
ings after inoculation. Snowmold {Typhtila) inoculum, sown broadcast, has 
given excellent results in 2 out of 3 years ; yet, repeated attempts to induce 
large brown patch, Helminthosporium or Colletotrichiim ‘‘melting-out’’ 
have failed. It has been necessary, therefore, to seek experimental areas on 
golf courses where these diseases occur naturally. 

Golf-course greens vary from 3,500 to 7,000 square feet of turf. Generally 
of irregular shape, they present terrain of various levels and slopes. Many 
replications are needed to reduce the error of heterogeneity due to elevation, 
exposure, playing wear, and drainage. Areas of 1,000 square feet are de- 



Fig. 1. Plot layout of IStli Green, West Course, Merlon Golf Club, Ardmore, Penna. 

* sirable for treatment, since pnaetical control measures are based on rates per 
1,000 square feet. It would be almost impossible to lay out such plots on the 
average golf green without the aid of a surveyor. Moreover, treatments 
must be made intermittently throughout the growing season, a fact neces- 
sitating rapid relocation of the plots. These handicaps are easily overcome 
by the following technique : 

Knowing the number of treatments to be used, estimate the area to be plotted, e.g., 
4 treatments — 4,000 square feet; 6 treatments — 6,000 square feet. Then measure long 
axis of green avoiding diagonals. Using measure of this long axis, calculate convenient 
width for rectangle required to give experimental area. With raised or cut-in greens, 
adjust width in direction of more accessible terrain; Locate corner stakes in rough (Fig. 
1), drive to ground level to avoid interference with mower. Treat individual plot stakes 
in like manner. Whitewash each stake and small area surrounding it for subsequent easy 
relocation. Whitewash must be renewed once or twice because of growth and subsequent 
clipping of grass. On large and irregular greens residue areas often are big enough for 
replicate or additional treatments. On ap)plieation of fungicide insert 6-ineh spike be- 
hind each stake ; stretch heavy twine to outline individual plots. Apply treatment uni- 
formly over wiiole plot, rough and green alike. 
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For dollar spot, data may be satisfactorily taken by arbitrarily locating specific sta- 
tions on a diagonal of each plot. If a 100-foot tape line be used to locate the diagonal, 
stations mav be located at specific points. If infection is uniform the location of stations 
is a simple\*ore, but if scattered, one must be careful to insure representative areas. 
Three stations are used, each containing the area enclosed by a home-made wire hoop 3 feet 
in diameter. The spots per station are counted and averaged. Increase or decrease in 
average number of spots cori*elated strikingly ivitli visual evidence of fungicide effective- 

large brown patch and the “melting-out” complex, the station method was not 
so useful. A rating system had to be established employing the number of patches per foot 
of diagonal. Correlated with temperature and rainfall, this system worked satisfactorily. 
Data for each treatment were recorded weekly. — F. Ben Struble, Graduate Stipend 
Scholar, Department of Botany, The Pennsylvania State College. 

A Method for Ohiaining Single-spore C%Mures of Agaricus campestris.— 
To obtain single-spore cultures of Agaricus campestris it has heretofore 
been necessary to seed a mass of spores on a nutrient medium, and then iso- 
late individual spores after they have germinated.'’^ Although a high per- 
centage of spores from such spore prints will often germinate, few single 
spores isolated from the same print will do so.' A method for germinating 
single spores would be useful because spores could be isolated with a micro- 
manipulator and thus allow observation of germination and subsequent 
growth. Isolation and germination of pairs of spores from the same 
basidium would further facilitate genetic studies on this fungus. 

It has been known for some time that spores of Agarmis campestris 
germinated best when in groups or in close proximity to growing mycelium 
of their species.'* The as.sumption has been that a stimulatory substance 
may diffuse from the few germinating spores to others. These germinate 
and in turn stinudate others near them to germinate. 

The writer attempted to use this stimulation in developing a method 
of inducing germination. A successful method is herewith described. A 
large number of uncontamiiiated spores were smeared on an agar slant with 
a sterile brush and allowed to germinate and grow for one to tyvo weeks. 
After a solid mycelial mat had formed, the culture was killed by immersing 
the tube in boiling water until the medium wms completely liquid. The 
dead mycelial mat was then removed aseptically' and the sterile medium used 
for hanging drops on cover slips over Van Tieghem cells. Prom 30 to 50 per 
cent of the single spores of two commercial varieties of mushroom isolated 
and placed on this medium have germinated in replicated tests. Ap- 
parently the rate of germination is not so high for all varieties as one 
variety that resisted germination by mass seeding also germinated very 
pooj'ly when single spores were isolated. A limited number of tests were 
made with medium staled by mycelial growth. A lower rate of germination 
was obtained here ranging between 20 and 30 per cent. 

1 Lambert, E. B. Principles and problems of mushroom culture. Bot. Rev. 4: 
:U)7“42b. 1938. 

- Lambert, E. B, A spore isolator eombining some of the advantages of the LaRue 
and Keitt methods. Phytopath. 29: 212--214. 1939. 

a Ferguson, M. A preliminary study of the germination of the spores of Agaricm 
eamprsfris and other basidiomyeetes. XT. S. Dept. Agr., Bur. PL Ind. Bull. 16. 1902. 
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As checks against the experiments just described, 100 single spores were 
isolated and placed on nnstaled medium and only about 5 per cent germi- 
nated. It would be difficult to obtain an adequate number of cultures in 
this way because of the large amount of work required. The new method 
should proA^e much more useful, as it insures a higher percentage of germi- 
nation and thus makes it possible to get a more representative sample of the 
spore population Avith economy of time and effort. — J. deZeeuw, Butler 
County Mushroom Farm Inc., West Winfield, Pa. 


Host-parasite Relationship in Bust-infected Oats. — Initial cytochemical 
studies on the host-parasite relationship as presented by different Amrieties 
of oats (Avena sativa) infected by croAvn rust (Pitccmm coronaia Corda) 
Avere undertaken by the writers in 1942. 

The A^arieties Bond, Bond x D69, Markton, EainboAv, Richland, and Yie- 
toria were inoculated Avith physiologic race 1 of Piiccinia coronata. As soon 
as the rust sori had deA^eloped sufficiently for sectioning, freehand tangential 
sections of infected living leaf tissue Avere obtained from immediately be- 
neath the sori and immersed in saline and sucrose solutions containing 1 per 
cent neutral red and stained in vivo. Like sections Avere immersed in a 
saturated solution of 2~6 dichloroquinone imide in a 2 per cent solution 
of sodium barbiturate buffered at pH 8.6. Still other sections were im- 
mersed in solutions of para-phenylenediamine, and molybdenum reagent, 
respectively. 

Use of the above techniques afforded opportunity to note the comparative 
behavior of the phenolic compounds (pyridoxin, catechol, etc.), the poly- 
phenol oxidases, and the distribution of the phosphorus compounds peculiar 
to the ‘ ^ resistant ’ ’ or ^ ^ susceptible ’ ’ A^arieties of the host. 

Response of the rust-infected host-plant cell may vary from sudden death 
of such cells to a progressive evolution of cell constituents making possible 
a prolonged surAuval of host cell and parasite. These extremes of response 
to. infection, as well as all intermediate types of reaction, can now be/ inter- 
preted cytochemically. A manuscript embodying the salient results of our 
iiwestigation^ of the xDroblem is in preparation.— Harry B. Humphrey and 
Jean Duprenoy, Bureau of Plant Industry Station, Beltsville, Md., and 
Louisiana State University, Baton Rouge, La. 


1 Grateful acknowledgment is here made to the members of the Department of 
Botany, Louisiana State University, for their collaboration and advice and for laboratory 
and greenhouse facilities p)laced at the disposal of the writers. The research here reported 
was conducted cooperatively by the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, IT. S. Department of Agriculture 
and the Louisiana State University. 







PAETICLE SIZE OP SULPHUE AND COPPEK FUNGICIDES IN 
EELATION TO APPLE SCAB AND CEDAE-APPLE 
BUST CONTEOL 

J. M. Hamilton, D. H. Palmiter, and G. L. Mack^ 
(Accepted for publication October 22 , 1942) 

Witlihi the past cleeacle, the wettable sulphur fungicides, in both dry and 
paste forms, have steadily gained favor with, fruit growers. They have in 
large measure supplanted lime-sulphur in commercial spray practice be 
cause of the reduction in spray injury and increased yields of fruit. ’ 

Field tests ivith these proprietary wettable sulphur materials have 
demonstrated some to be superior to others in their etfeetiveness in con- 
trolling apple scab, Venturia inaequalis (Cke.) Wint. (9), and apple rust 
Gymnosporangtmn jumperi-virginiame Schw. (10). During the course 
of these tests, the senior writer became convinced that the outstanding 
property of these products that could explain their differences in disease 
control was the size of the sulphur particles. 

As early as 1913, Blodgett (2), working with sulphur du.sts, pointed out 
Uiat fine particles adhered to foliage more firmly than did coarser ones. 
liVileoxon and MeCallan (19), also, demonstrated in laboratory experiments 
on glass slides that fine-particle sulphur was inherently more toxic to ger- 
minating spores than an equal weight of coarse-partiele sulphur. But the 
practical problem of correlating particle size to disease control in the orchard 
was complicated by the fact that all wettable sulphur fungicides necessarily 
contain adjuvants that markedly affect their resistance to weatherino’ and 
often obscure the effects attributable to particle size. Further, the make-up 

of proprietary spray materials is subject to change from one season to 
tlienext. 

In order to correlate particle size and disease control, it was necessary 
to eliminate the interfering* effects of (1) varied and secret methods of 
manufacture, (2) the inclusion of different kinds and amounts of whetting 
agents, dispersing agents, and other ingredients. In 1937, large samples 
of a wettable sulphur and an insoluble copper fungicide were obtained whose 
compositions were known and were alike in all respects, except size of par- 
tiel^ (11). The procurement of this material made exact testing possible. 

he average particle sizes of these materials and of some of the more 
common commercial sulphdr fungicides were determined and correlated 
with the results of disease control experiments obtained from their use in 
laboratory, greenhouse, and orchard. 

1, are indebted to L. O. Weaver for assistance in conduetine tlie vreen- 
hou.se e^,cj,n,ents and n the preparation of the m,anuscript. ^ ® 

IT 8 Bent a"' T to R- C. Roark of the Insecticide Laboratory 

Omnjmny York^^Oitv ^ tJ^afantine, to the Stauffer Ghemick{ 

Jersey, for their coopeStion ^ ® Mieronizer Processing Company, Moorestown, New 

for imbfi^Uil a^ionruLT?:^ Experiment Station 

■ ■ ■ 533 . , 
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It is interesting to note that during* the course of the studies reported 
herein, inanufaeturers have made concerted efforts to improve the effective- 
ness of commercial, powdered, fungicidal materials by grinding them finer 
and finer. In 1930, Streeter and Eankin (16) examined 6 representative 
commercial sulphur materials which varied between 12 and 30 microns for 
the diameter of the particle of average specific surface, ^ while in 1941 
Gooden (6) reported that 42 samples varied betw^een 5 and 25 microns for 
the same diameter. Values reported in this communication extend the lower 
limit of average particle size to 2 microns in commercial dry wettable 
sulphur fungicides. Thus, in 12 years, the lower limit of average particle 
size has been reduced sixfold, while the upper limit has remained practically 
stationary. 

METHODS OP MEASURING PARTICLE SIZE 

The fineness of particles usually has been expressed as a function of the 
diameter, although, several authors have pointed out the inadequacy of that 
expression when the individual particles are not all the same size and shape. 
Green (8) has shown that there can be no generalized expression for average 
particle size, and has discussed 6 different diameters that are equal only 
when every particle has the same size and shape. In a non-uniform powder, 
they vary as follows d 

< 

ck > ch > d2 — D > A > di 

> 

With a polydisperse material such as ground sulphur, a 4- or 5-fold varia- 
tion between the smallest and largest of these diameters is not uncommon. 
It was,^ therefore, extremely important to choose that particular diameter 
best suited for denoting the particle size of fungicides. 

The property of a pow^dered fungicide apparently most closely related 
to the degree of disease control obtainable was the specific surface area. 
Accordingly, the surface average diameter, dg, was selected for designating 
the relative degree of fineness of fungicidal materials. The surface average 
diameter can be expressed mathematically as 


ds — 


Und^ 


where ti is the total number of particles in the sample and d is any diameter 
of the individual particle. More explicitly, the surface average diameter 
may be defined as the diameter of a sphere whose specific surface is the same 
as that of the sample. This idealized sphere need not exist in fact; le., a 
sphere may be used to represent the average diameter of particles, none of 
which are spherical in shape. It will be seen that in any measurement of 
particle size, some assumption as to the general shape of the particles must 
be made. 

these figures from the original data of Streeter and 
wi h' ma ishefined as the specific surface of the sample as a 

\vhoh and not ^ surfaces of the individual particles. 

Green employed throughout this discussion are the same as those adopted by 


V 
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Two other of the diameters given by Green (8) have been used bv pre- 
vious workers to express the particle size of fungicidal materials These 
are the arithmetic mean diameter, d„ and the diameter of the particle of 
mean weight, D. They are calculated by means of the following equations : 

7 Lncl 


. '^HincP 


While It was not considered that these latter two diameters had the funda- 
mental significance of the surface average diameter, they were included in 
a part of the particle-size measurements for the sake of comparing the dif- 
ferent methods. ^ No attempt was made to convert these different diameters 
to a common basis because of the uncertain value of the shape factor. 

^ Pour completely independent methods were employed for the determina- 
tion of particle size. These were the sedimentation method (1), the air- 
permeation method (7), the direct microscopic method, and the microscopic- 
projection method (8, 13) . The agreement between the results is remarkablv 
good when It IS considered that the properties which were actually measured 
were m order (1) a settling velocity, or rate of fall of particles through a 
liquid medium, (2)_a permeability, or resistance to flow of air through a 
packed bed of particles, (3) the diameters of a number of particles, and 
St of particles of known weight that occupy a given area 

(table 1). Lack of absolute agreement can be ascribed principally to dif- 
ferences inherent in the measurements and calculations. The possibility 
ot changes m the samples themselves cannot be overlooked, since these ex- 
j)erniients extended over a period of several vears. 

In general, it was considered that the sedimentation method using the 
Aiidreasen pipette gave the most reliable results (1). By this method, the 
distribution of particle sizes is obtained directly, so that the results may be 
subjected to critical analysis and cheeked by microscopic observation ' In 
a few cases, agglomeration produced particles of irregular shape. These 
were assumed to settle as cubes according to the procedure of Andreasen, 
but otherwise, all particles w'ere assumed to settle as spheres. This method 
has a most important advantage over other sedimentation methods in that 
any inert materml, which also settles out, is not determined. But the pres- 
ence of suspending agents, such as bentonite, can cause a lower reading by 
interfering with the normal sedimentation of the sulphur particles. Thus, 
the average particle size of Kolospray is probably somewhat larger than the 
apparent value of 7.7 microns (Table 2). 

A second useful method was found to be the air permeation procedure 
as mo( 1 ed by Gooden and Smith (7). While the apparatus is somewhat 
complicated, the method is very rapid and well suited to routine work. The 
af?reement between results obtained upon the same materials in two different 
laboratories is good (Table 1), and a further comparison of the sedimenta- 
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tion and air permeation methods shows remarkablv concordant results 
(Table 2). 

The air-permeation method can give low readings with materials which 
contain an insufScient number of very fine particles to completely fill the 
voids between the larger particles. The reason that the air permeation 
method is somewhat more accurate than the original liquid permeation 
method of Carman (3) is that the liquid acts as a lubricant, allowing the 
finer material to pack tightly into the voids betw’een the larger particles. 
McMillen (15) has shown that a membrane consisting of a polydisperse 
powder has a smaller average pore diameter, when packed wet than when 
packed dry. Segregation of the finer particles is thus considerably reduced 

TABLE 1.— -Comparison of results oltained from various methods of measuring 

^0.1 t loJ^c 


Material 


Special siilplmr (fine) 

Microiiized 

Special siilpliur (medium) 

Special sulplmr 

Mike ' 

Magnetic 70 (dry) 

Magnetic - Spray 

Suleoloid 

Z-O (fine) 

Z-O (medium) 

Z-0 (coarse)* 


Year 


1937 

1940 

1937 

1937 

1940 

1940 

1940 

1937 

1938 
1938 
1938 


Surface average 
diameter, clj 


Sedimen- 

tation 


3.6 


5.3 


8.3 


1.6 

10.0 

13.3 


Air 

permeation 


A ■ 

3.5 

3.7 

6.6 
10.3 

5.5 

5.8 
9.7 


1.4 

8.2 

10.0 


Bb 

4 

5 
, 7 
12 

6 
7 


10 

1 

6 

8 


Number 
average 
diame- 
ter, di 


Direct 
micro - 
seopica 


Weight 
average 
diame- 
ter, D 


Micro- 

scopic 

pro- 

jection 


2 

3 

6 

18 

5 

5 
8 

11 

6 

10 

20 


10 

13 


afibe results listed in this column were obtained in the control laboratory of the 
Mieromzer Processing Co., Moorestown, N. J. mooiaroiy or tiie 

tt column were obtained in the insecticide laboratory of the 

kvetfon ofYc! Entomology and Plant Quarantine, under tL 

Z-0 is a proprietary copper ammonium zeolite. 

but iiot entirely eliminated by packing the powder dry. Uniform results are 
obtained by using the powder compactor designed by Gooden (5). This 
packing eifect probably accounts for the low results obtained by the air 
permeation method for Mierosulphur and Suleoloid (Table 2), and for the 
medium and coarse samples of copper zeolite (Table 1). 

Conversely, the air-permeation readings are too high for Magnetic-Sprav 
am vo ospia.\ (Tables 1 and 2). This is no criticism of the method, since 
these va ues are correct under the conditions of the mea.surements ; but these 
materuils contain aggregates, formed in the process of manufacture, which 
1 unction as .single particles in air and are dispersed into many particles in 
water. I he fused bentonite sulphur material known as Kolofog is an ex- 
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treme example of this eifeet, since the average particle diameter in air is 
over 100 microns, while, in water, it is less than 1 micron. The air 
permeation method is, therefore, better suited to the determination of the 
particle size of dusts than of spray materials. 

The microscopic measurement of particle size is considered by many to 
yield the most reliable results because it is visual and dii-ect, and conforms 
more closely to the usual method of determining the size of larger objects. 
But, for irregular objects, the results are always too large, since the particles 
will tend to settle so that the two horizontal dimensions measured will be 
larger than the vertical dimension, which is not. This effect is apparent 


TABLE 2. — The particle sise of soyne commercial wettahle sulphur fungicides as 
determined hy sedimentation and air -permeation methods 


Brand namea 

Surface 

average 

diameter 

Per 

cent 

by 

weight 
of par- 
ticles 
less 
than 

4 pill 
diame- 
ter 

Sul- 

phur 

Manufacturer 

Sedi- 

men- 

tation 

Air 

per- 

me- 

ation 

con- 

tent 

Koppers Dry Wetta,ble ... 

Mi- 

crons 

2.0 

, Mi- 
croyis 

2.2 

89.6 

Per 

cent 

91,0 

Koppers Products Company 

Microiiized Sulpliiir 

3.6 

3.7 

46.5 

93.4 

Micronizer Processing Co. 

Mike Siilpliur 

5.3 

5.5 

21.2 

92.5 

Dow Chemical Company 

Siilforon 

6.6 

6.6 

11.4 

98.0 

DuPont de Nemours & Co. 

Micro-Spray 

6.7 

5.9 

9.7 

92.5 

General Chemical Company 

Kolospray 

7.7 

11.2 

8.2 

83.5 

Niagara Sprayer & Cliem. Co. 

Magnetic-Spray 

8.3 

9.7 

7.4 

98.5 

Stauffer Chemical Company 

Sulfix ■ 

8.8 

8.8 

7.0 

97.3 

Sherwin-Williams Company 

Mierosulpliur 

10.3 

6.3 

4.3 

82.0 

Chipman Chemical Company 

Dritouiic 

i 12.2 

13.2 

, 0.8 

82.0 

General Chemical Company 

Sulcoloid (1936) 

14]2 

12.6 

1.2 

93.0 

Ansbaclier Chemical Conqiany 


a 1940 samples unless otherwise stated. 


with the coarsest special sulphur and all of the copper samples (Table 1). 
Even if these values be multiplied by the usual shape-correction factor of 
I, agreement with the results of other methods is not good, since dx should 
be much less than wdth the finest copper zeolite. The very high figure 
obtained for dx may have been due to the fact that many of the finer trans- 
lucent crystals of the zeolite were passed over in the counting. The |)hoto- 
micrograph of this material indicates that this might easily have been the 
ease (Fig. 1). 

To reduce the enormous amount of labor required to measure the par- 
ticles in the finer materials, a method of treating the distribution count has 
been devised, so that only a relatively small number of particles need be 
counted (13, 17). By assuming that the Poisson size distribution occurs, 
and that the particles are spherical, a relatively simple calculation yields the 



SPECIAL SULFUR !a3|J 


SPECIAL SULFUR S,6p 


SPECIAL SULFUR 3.6|Ji 


DRITOMIG 


SULFORON 


HOPPERS DRV 2.0 M 


WSeSULCOLOlO 


MAONETIC-SPRAY e,3p 


EACH DIVISION » &\i 


Fig. 1. Representative microscopic fields of sulphur and copper ammonium zeolite 
particles deposited upon glass slides in finely atomized even spaced particulate drops. The 
weight of Jill the particles in each area is the same. Duplicate slides were found by chem- 
ical analysis to contain 7.0 ±0.5 niicrograms of sulphur or copper ammonium zeolite per 
sq. cm. 

Tables 1 and 2 with Pig. 1,) Since the fields of view are small, great care 
was taken to select a field truly representative of the material as a whole. 
A consideration of these photographs suggests that the larger average 
j)article sizes result not so much from the presence of very large particles 
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diameter of the particle of average w’eight (last column, Table 1). The 
results are in good agreement with those obtained. 

Photomicrographs of spray residues of the different materials, when 
deposited as fine, evenly spaced, particulate drops upon gdass slides, with a 
vertical sprayer, confirm the results of the particle size measurements. {Of. 
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as from the relatively small number of particles less than 4 or 5 microns 
in diameter. 

While the differences between certain values have been discussed at 
length, it should be emphasized that the agreement between determinations 
in different laboratories on the materials of different ages and conditions 
of sampling still is remarkably close. Prom a practical point of view, a 
variation of 10 to 20 per cent in the average particle diameter of a wettable 
sulphur would scarcely be noticed in field experiments. Furthermore, the 
true particle size in water may not be the same as the effective particle 
size in an actual spray mixture. It is knowm that lime, lead arsenate, and 
many oil stickers flocculate sulphur particles into large agglomerates. 

studies op disease control 
Orchard Experiments with Apple Scab 

Methods. The experiments were conducted in mature, vigorous orchards 
in which the primary inoculum of apple scab was considered moderate to 
heavy. Single-tree plots were replicated from 2 to 6 times. A modern power 
sprayer was used, operated at 400 lb. pressure, with a single gun. The 
spray materials were washed, with the gun, through a screen into the tank. 
The same brand of arsenate of lead, which contained no wetting agent, was 
used in all the tests. At harvest, the scab-infected fruit was divided into 
3 classes; slight, medium, and bad. Slight scab included those fruits that 
had scab spots affecting a total area up to i mch in aggregate diameter, 
medium scab up to | inch, and bad scab more than f inch. 

Seasonal and Orchard Conditions. Rainfall in the Hudson Valley varies 
considerably, not only from year to year but also from one locality to another 
in the same year. The amount of primary inoculum carried over in the 
old leaves also varies from orchard to orchard, depending on the previous 
disease history of the individual orchard. Therefore, it seems advisable to 
give a brief summary of the rainfall and inoculum facts concerned in these 
experiments (Table 3). 

Series 1. Heavy primary inoculum and numerous prolonged rains made 
conditions ideal for a fungicide test. Some leaf infections occurred in all 
plots during bloom, and these became a source of secondary inoculum from 
which the trees had to be protected during the rest of the season. Fruits 
on nonsprayed Cortland trees became so heavily infected early in the season 
that they all dropped during June and July. Since all materials were 
applied at low concentrations, to accentuate any differences in the control 
of apple scab, it was necessary to apply 10 sprays instead of the 7 usually 
recommended. 

Series 2. Primary inoculum and rainfall were considered average. 
Lack of protection during the abnormally long bloom period provided a 
source of secondary inoculum and a severe test for the fungicides during 
the rest of the season. Seven sprays were applied in this orchard. 

Series 3 and 4. The orchard had only a moderate primary inoculum. 
The season was early and the trees passed through the first 4 spray ap plica- 
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tions with little chance for infection. Heavy rains occurred during the 
remainder of the season, and only the retentive materials were able to 
withstand this drastic washing. 

Series 5. The orchard had a heavy carry-oyer of scab. Dry weather 
early in the season prevented development of scab on sprayed trees until 
July, but two heavj’ rains in August gave the fungus a chance to cause late 
fruit infection. 

Treatments and Results with Sulphur Materials. The field experiments 
were designed primarily to determine the fungicidal values of the specially 
prepared sulphurs in which particle size was the only variable factor 
(Table 4, Ser. 1, 3, 5). Included, however, were eominercial brairds varying 
in particle size, but in which the effects are complicated by other factors 
such as shape of sulphur particles, differences in age of material, presence 
of adjuvants, and methods of adding wetting agents (Table 4, Ser. 2 and 4). 

TABLE 3.^ — Record of environmental factors that influenced apple scab development 
in experimental orchards of the Eiidson Valley, 1937—1939 


Year and series^i 

Location 

Leaves with 
peritheciaiJ 

Bains j 

Seasonal 

rainfalB 

Infection 

periods*^ 



Per cent 

No. 

Inches 

No. 

1937 Ser. 1 

Fisblcill 

71 

43 

29 

11 

1937 Ser. 2 

Clermont 

24 

16 

14 

9 

1938 Ser. 3 and 4 ... 

Bhinebeek 

38 

35 

24 

9 

1939 Ser. 5 

Modena 

' 80 

19 

4 

5 


a Series numbers identical to those in table 4. 

)j Percentage of overwintered leaves bearing peritliecia. In each series, ascospores 
were mature by the delayed dormant stage of tree development. 

c Ea inf all, green- tip to harvest. 

Eain periods of suffieieiit duration for scab infection. 

The data show, in every experiment, that the relative value of the 
wettable sulphurs in scab control was in inverse proportion to the average 
diameter of the sulphur particles. This all-important fact is true, not only 
for the special sulphurs but also for the eominercial brands. Factors that 
may accentuate or obscure the differences in the degree of disease control 
obtainable with different particle-size sulphurs are seasonal weather con- 
ditions, inoculum potential, timing of sprays, varietal susceptibility, and 
coneentration of toxicant. 

In 1937, a wet year, commercial control of scab w^as obtained on Mc- 
Intosh apples sprayed with 3.7 micron sulphur, while there tvas over 50 
per cent scabby fruits in plots sprayed with 6.6 and 10.3 n sulphur (Ser. 1). 
In 1939, a dry year, only the plot sprayed with the 10.3 p sulphur failed 
to give commercial control (Ser. 5). The effect of particle size evidently 
is iKuHuitiiated under eonditions favorable for scab development. 

Proper liming of spray applications tends to ininimize the ditferenees 
in s('ah control obtained with different particle-size sulphurs (Ser. 4). But 
in thoH(» oreiiards where scab had become established in the trees early in 
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the season, large differences in scab control were obtained with different 
particle-size sulphurs. (Cf. Ser. 1 and 2 with Ser. 3 and 4.) 

Lowering the concentration of the sulphurs below the point where com- 
mercial control could be expected with the better materials further empha- 


TABLE 4 . — The size of sulphur particles in relation to control of apple scab 


Series, year, variety, 

Average 

particle 

Total 

fruit 

Percentage of scabbed fruits 

and tieatnienL 

size of 
sulphura 

Slight 

Medium 

Bad 

Total 

Series P — -1937 







Pelicious 







Special sulphur 4-100 

3.7 

1277 

3.8 

3.7 

2.8 

10.3 


6.6 

486 

8.2 

7.8 

4.3 

20.3 


10.3 

1461 

18.0 

17.7 

14.6 

50.3 

Cortland 







Special sulphur 4-100 

3.7 

3510 

10.3 

5.1 

3.9 

19.3 


6.6 

3453 

12.5 

11.6 

6.4 

30.-5 


10.3 

2014 ,| 

14.4 

20.1 

29.8 

64.3 

McIntosh 







Special sulphur 4-100 

3.7 

523 

6.1 

1.9 

2.3 

10.3 


6.6 

268 

18.2 

9.3 

26.5 

54.1 


10.3 

365 

29.6 

16.8 

19.5 

65.9 

Series 2 — 1937 
McIntosh 







Nontreat ed 


7798 

1.6 

2.9 

95.0 

99.5 

Dow Mike 2-100 

5.3 

3427 

15.4 

10.3 

3.2 

28.9 

Magnetic-Spray 2-100 

8.3 

2954 

19.3 

21.3 

12.0 

52.6 

Dow Mike 4-100 

5.3 

4479 

9.7 

7.3 

3.5 

20.5 

Magnetic-Spray 4-100 

8.3 

3341 

14.4 

8.8 

3.8 

27.5 

Sulcoloid 4-100 

14.2 

3737 

22.9 

16.8 

7.8 

47.5 

Series S — 1938 
McIntosh 







Nontreated 


3031 

5.7 

10.5 

83.6 

99.8 

Special sulphur 3-100 

3.7 

2609 

4.3 

3.5 

3.6 

11.4 


6.6 

4318 

5.4 

9.6 

9.2 

24.2 

Special sulphur 5-100 

3.7 

6818 

1.7 

1.0 

1.2 

3.9 


6.6 

4222 

2.2 

2.2 

1.3 

5.7 


10.3 

5786 

5.6 

4A ' 1 

2.8 

12.8 

Series 4 — 1938 
McIntosh 







Nontreated 


3031 

5.7 

10.5 

83.6 

99.8 

Dow Mike 5-100 

5.3 

3941 

1.4 

1.4 

1.6 

4.4 

Magnetic-Spray 6-100 

8.3 

4413 

2.7 

4.9 

1.8 

9.4 

Sulcoloid 6-100 

14.2 

4665 

3.3 

6.1 

3.0 

12.4 

Series 5 — 1939 
McIntosh 







Nontreated 


7045 

2449 

12.3 

0.4 

13.7 

0.1 

66.0 

0.0 

92.0 

0.5 

Special sulphur 4-100 

3.7 


6.6 

9851 

2.3 

1.0 

0.7 

4.0 


10.3 

8355 

,15.0 

13.6 

6.8 

35.4 

Special sulphur 8-100 

10.3 

5415 

11.8 

6.5 

I 

3.7 

22.0 


a Surface average diameter. 

b Nontreat ed trees in series 1 were heavily scabbed in June, and all fruits dropped at 
that time. 


sized the greater effectiveness of the materials of smaller j^article size (Ser. 
2 and. 3). Doubling the concentration of the 10.3 micron sulphur did not 
compensate for the greater toxicity of the 3.7 and 6.6 micron materials 
(Ser. 5). 
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CTreenlioiise Experiments with Cedar- Apple Rust 

Methods and Conditions. Potted Medina and Wealthy apple trees of 
comparable shoot development were selected for each experiment. 

The trees were placed on a turntable and given a regulated application 
of a fungicide spray. These sprayed trees were then allowed to dry over 
night, and subsequently subjected to periods of artificial ^'rain’' wash on 
the turntable (12). 

For inoculation, the trees were atomized with standardized water suspen- 
sions of sporidia of Gymnosporangium jtmiperi-virginian^ Next, they 
were placed in a moist chamber for 16 hours at 16° C. and then returned 
to the greenhouse for the incubation period of at least 2 weeks. 

Counts were made of the number of lesions on the 3 most heavily infected 
leaves per shoot, as the index to the effectiveness of the various fungicidal 
materials. 

Treatments and Results with Sulphur and Copper Materials 

Summarization of greenhouse tests shows particle size to be the predomi- 
nant factor in the fungicidal value of both the sulphur and the copper mate- 
rials (Tables 5, 6, and 7). 

The specially prepared sulphur, with different average particle size as 
the only variable factor, gave control of cedar-apple rust in inverse propor- 
tion to the size of the toxic particles (Table 5), A mixture of equal w’^eights 
of the 3.7 and 10.3 p sulphur was not far different in effectiveness from the 
6.6 p sulphur (Table 5, Ser. 2). 

Ground copper zeolite, with average particle sizes of 1.6, 10, and 13.3 p, 
exhibited fungicidal value in proportion to their relative degrees of fineness 
(Table 7). 

Most of the commercial wettable sulphurs, also, adhered to this relation- 
ship between particle size and disease control (Table 6). Koppers Dry 
Wettable (2.0 p), Micronized (3.6 p), Sulforon (6.6 p), Micro-Spray (6.7 p), 
Kolospray (7.7 p), Sulfix (8.8 p), Microsulphur (10.3 p), Apple Dritomic 
(12.2 p), and Sulcoloid (14.2 p) w^'ere effective in cedar-apple rust control 
about in that order. How^ever, with Mike (5.3 p), Magnetic-Spray (8.3 p), 
and Kolofog (f), other factors in their composition seemed to obscure the 
particle size-disease control ratio. The shape of the particles in Mike sul- 
phur and the thoroughness with which these are wet, due to the process of 
manufacture, may be factors infiuencing its tenacity and, consequently, its 
control. Unpublished data show that tenacity of wettable sulphurs tends 
to increase with age. In the ease of Magnetic-Spray, electrical charges and 
a chemical used in the manufacturing process are claimed to be factors in 
its effectiveness, but these factors do not account entirely for the irregulari- 
ties ill disease control. Kolofog, a fused bentonite-sulphur containing sul- 
])hur particdes of colloidal dimensions when dispersed in water, gave excellent 
(miitrol in this type of test (Ser, 5). However, nnder field conditions, Kolo- 
log has not given consistent disease control presumably because the material 
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is either too rententive or has too low a sulphur content to be sufaeientlv 
redistributed. 

THE EELATIONSHIP BETWEEN PARTICLE SIZE, RETENTION, AND INHERENT 
TOXICITY OP SULPHUR AND COPPER MATERIALS 

It has been shown that better control of apple scab and cedar-apple rust 
usually is obtained with the fungicides of smaller particle sizes. The ques- 
tion arises as to whether the increased control is due to a greater adherence 
of small particles to the leaves and fruit, to more thorough distribution, or 
to greater toxicity when proportionately larger surface areas of the toxic 

TABLE 5. Cedar-apple rust control on potted Medina apple trees sprayed with 

sulphur of different average particle size 


Series and treatment 

Particle 

si zpa 

Av. No. lesions on 3 heaviest 
infected leaves per shoot 



2-in. washb 

3 -in. wash 

Series 1 




Special sulphur 5-100 

3.5 

1 

1 


3.7 

1 

6 


6.6 

8 

5 


10.3 

100 ± 

100 ± 

Unsprayed 


100 + 


Series 2 




Special sulphur 5-100 

3.7 

1 

8 


6.6 

30 

37 

Special sulphur 2^-100 ] 

3.7 } 



‘ ‘ ^ 2^-100 j 

10.3 1 

oU 

60 

Unsprayed 


80 


Series S 




Special sulphur 5-100 + S. E. 




0. Oil,c 1 pt 

3.7 

12 

22 


6.6 

20 

23 


10.3 

90 


Unsprayed 


300 ± 


a Surface average diameter. 


b Inches of artificial rain on turntable, 
c Self-emulsifiable cottonseed oil. 

material are exposed. The relative adhesiveness was determined by analy- 
ses of the sulphur residues left on sprayed leaves. The effect of particle 
distribution and inherent toxicity was studied in vitro using the inhibition 
of germination of Sclerotinia fructicola spores as an indicator. 

Sulphur Residue Analyses 

Methods . — The sulphur residue analyses were made from leaf samples 
taken from sprayed orchard trees after various amounts of rainfall. The 
leaf samples were taken at random from the lower portions of three or more 
trees that had been sprayed as evenly as possible after terminal growth had 
stopped. As far as possible, leaves were selected from the same positions 
on the terminals. All samples for each series were collected by the same 
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person, to reduce sampling error to a minimum. Each sample lot consisted 
of 200 to 300 leaves. A 1-ineh disc was cut from each leaf with a hollow 
steel punch. The discs were oven-dried, ground, and stored dry in fruit 

TABLE G.-~Cedar-apple rust control on potted Medina apple trees spraved min 
eonimercial sulphur f ungicides of different average particle sise 


Series and treatment 


Series 1 

Micronized 5-100 
Snlforon 5-100 
Ma,giie tie-Spray 5-1 0 0 
Stileoloid (1936) 5-100 
Kontreated 
Series 

Micronized 7-1 00 
Mike 7-100 
Siilforon 7-100 
MagnetiC'SpraY 7-100 
Siilfix 7-100 
Microsulpliur 7-100 
ISTontreated 
Series d 

Micronized 5-100 
Micro-Spray 5-100 
Snlforon 5-100 
Magnetic-Spray 5-100 
Sullix 5-100 
Apple Dritomic 5-100 . 
SuIcoJoid (1936) 5-100 
Xonsprayed 
Scries i 

Koppers Dry 7-100 
Micronized "7-10(1 . 

Mike 7-100 

Sulf oroii. 7-100 
Magnetic, -Sprav 
Sulfix 7-100 .....^ 

Apple Dritomic 
Siileoloid (1936) 7-100 
Xontreated 

Scries 5 

Micronized 5-100 
IMieroiiized 2-100 
Kolospray 6-100 
Kolofog 6-100 
AMiitreated 



Surface average diameter. 

»' of artificial rainfall on turntable. 

Serial Batiafactoril.y determined due to the com- 

jatts until ready for sulphur analyses, 
were used for each determination. 

• (- ). This modified method has been found particularly suitable 


Two grains of the dried leaf sample 
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for analyzing sulphur in spray residues. It should be noted that these 
results give the total sulphur on or in the leaf. It is not possible to distin- 
guish between the sulphur that is no longer fungicidal and that that is still 
in the toxic form. However, it is sufScient for denoting the relative order 
of retention of the sulphur samples. 

Results. Analyses of Rome Beauty leaves sprayed with the 3.5, 6.6, and 
10.3 p experimental sulphurs before and after successive rain periods showed 
particle size to be an important factor influencing tenacity (Table 8 and 
Pig. 2). In all instances, the original deposits decreased greatly with the 
first rain. No doubt the coarse sulphur particles, and those particles not in 
intimate contact with the leaves were removed with the first washing rain. 
After the first inch of rainfall, the rate of sulphur loss was much slower. 


TABLE 7.— Cedar-apple rust control of potted Medina apple trees sprayed with 
copper ammonium zeolite (Z-0) of three different average particle sizes 


Series and treatment 

■ 

Particle 

sizea 

i Per cent of 
particles 4 
microns and 
under 

Max. lesions p>er sq. in. of 
leaf surface with given 
amounts of artificial 
rain 

0.5 -in. washb 

1.0-in. washb 

Series i, Medina 





Special Z-0 3-100 

1.6 

94.4 

12 

24 


10.0 

5.4 

47 

69 


13.3 

1.5 

51 

79 

Nonspraved 



90 


Series Wealthy 





Special Z-0 3-100 

1.6 

94.4 

6 1 

15 


10.0 

5.4 

27 

76 


13.3 

1.5 

42 


Nonsprayed 



150 ± 



a Surface average diameter. 

^ Inches of artificial rainfall on turnable. 


It is distinctly evident that the sulphur of larger average particle size con- 
tinues to be removed at a faster rate than that of smaller average size (Table 
8 and Fig. 2). It is shown graphically that after 0.5-inch precipitation, 
there were retained 71, 68, and 61 per cent of the original deposits of the 
3.5, 6.6, and 10.3 p sulphurs, respectively; whereas, after 4.3 inches of rain, 
there were retained 53, 39, and 34 per cent in the same order. 

Although these differences between the amounts of sulphur retained 
might seem small, unpublished data indicate that they are enough to make 
the difference between infection and control. They are believed to present 
a true picture of what takes place in normal spray practice. 

It is worthwhile to note that the factor of particle size did not affect the 
amounts of the original deposits, a complicating factor often encountered in 
attempting to compare commercial brands of sulphur. 

These analyses of fungicide-weathering from mature apple leaves in mid- 
summer show a relatively slow loss of sulphur. Greenhouse studies and field 
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experience indicate that protection would be lost more rapidly durin: 
spring growing season. 


Spore Germination Studies 

To determine whether particle size affects the toxicity of sul- 
ler fungicides, a series of spore germination experiments were 


.triiCRON 
6.6 MICRON 
10.3 MICRON 


RAINFALL IN INCHES 

to Boiue Boamy^oHagriVtllrfiell special sulphur material of varying particle size 

made, using Merotmia fructicola (Wint.) Rehm as the test organism The 
h! it 3 particle sizes, was applied by a- tower sprayer 

par uh Mzos ^vas sprayed on glass slides by means of a laboratory sprayer 

1 H r ""Itures, were suspended 

Hamilton, .1. M., and 6. L. Mack. A new vertical laborat.nw .i. „„„„ . 
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ill water containing simthetic media. (The synthetic media consisted of a 
stock solution of M/4 dextrose, M/5 KNO3, M/20 KH2PO4, M/100 MgSO*, 
and a trace of PePOi.) This stock solution was diluted 800 times with redis- 
tilled water. The spore suspension was adjusted to a concentration of 60 
spores per sq. mm. in a Fuchs-Rosenthal counting cell, and triplicate drops 
were placed on the slides with a standardized pipette. After incubation in 
moist chambers at a temperature favorable for germination, 100 spores were 
counted from each of 3 drops and averaged for the percentage of germi- 
nation. 

Besiilts. The data show that the smaller the particle size, the greater 
the toxicity of the material (Tables 9 and 10). When the amount of fungi- 
cide deposited is plotted against the percentage of spores inhibited from 
germination by the fungicides, virtually straight parallel lines result for all 
materials. 


TABLE 8 . — The comparative adhesiveness of fine, medium, and coarse sulphurs to 
foliage of Mome Beauty trees at successive intervals of rainfall 


Special sulphur 
treatments 

Date of 
collection 

Eainf all in 
inches 

Mg. of sulphur 
per g. of dried 
leaf 

Percentage 

sulphur 

retained 

Av. of 2 samples 

3.5 micron 

7/20 

0.0 

2.74 + .03 

100 

4-100 

7/27 

1.02 

1.80 + .01 

66 


8/12 

3.92 

1.31 ±.01 

, 48 

6.6 micron 

. 7/20 

0.0 

2.71 + .05 

^ 100 

4-100 

7/27 

1.02 

1.37 + .05 

1 ' 51 


8/12 

3.92 

1.22 + .07 

45 

10.3 micron 

7/20 

0.0 

1 2.79 + .04 

100 

4-100 

7/27 

1.02 

1.17 ±.01 

42 


8/12 

3.92 

0.82 + .01 

29 


Photomicrograplis of the inhibitory effect of sulphur materials of various 
particle sizes against the spores of Sclerotinia fructicola bear out the above 
assumption (Figs. 3 and 4). Under the conditions of these experiments, the 
relative length of the germ tubes is a better criterion of the inhibitory action 
of the sulphur than the percentage of the spores germinated. Commercial 
sulphur materials show the same trend in relation to particle size as the 
specially prepared samples in which particle size is the only variable factor ‘ 
(Fig, 4). 

It might be assumed that differences in inhibition of spore growth were 
due to the fact that a given weight of small particles will cover the surfaces 
of the slides more thoroughly than the same weight of large particles and 
thus increase the chances of contact with the spores. However, an examina- 
tion of the photomicrographs (Figs. 3 and 4) indicates that actual contact 
between spores and sulphur particles is no criterion of whether or not a given 
spore will germinate. While the mechanism of fungicidal action is not 
thoroughly understood, it seems logical to conclude that the finer particle 
materials were more toxic because of the larger surface area exposed to the 
water film in which the spores must germinate. 
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Pl(!. -1. 

cnpo of 7 ij 
Hurfaee av< 


:>i spores of Sclerotinia frucUcola ffrow] 
era. of commercial sulphur materials of 
■i * pj; C) 6,6 p* I)^ 8,8 p; B, control. 



The fungicidal effectiveness of ground wettable sulphurs and an insoluble 
copper was found inversely proportional to the size of the particles. The 
correlation was established by experiments in the field, greenhouse, and 
laboratory. 

A wettable sulplair and an insoluble copper, ground to 3 degrees of fine- 
ness to include the range of particle sizes found in most commercial mate- 

TABLE 10 . — Toxicity of copper ammonium seolite of three degrees of fineness to 
spores of Sclerotinia fructicola 


Per cent of sp( 
germination 
inhibited 


Spray 
time in 
seconds 


Copper deposit 
niicrograms 
per sq. cm. 


Particle size 
in microns 


1.6 

10.0 

13.3 

Commercial Z-0 

1.6 

10.0 

13.3 

Commei;cial Z-0 

1.6 

10.0 

13.3 

Commercial Z-0 

1.6 

10.0 

13.3 

Commercial Z-0 

Control 
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TABLE ^.—Toxicity of sulphur of three degrees of fineness to spores of ScleroUn 

fructicola 


Particle size 

Spray time 

in microns 

in seconds 

3.5 

30 

3.7 
a a 


o.u 

10.3 


3.5 

60 

3.7 


6.6 


10.3 


3.5 

90 

3.7 


6.6 


10.3 


3.5 

O r' 

120 

«.>• / 

6.6 

10.3 

Control 

0 

SUMMARY 


: Per cent of spore germination 
inhibited 


Average of 4 tests 





550 


Phytopathology 


— [VoL. 33 

rials, were tested against apple scab, Tenturia imequalis (Cke.) Wint., apple 
rust, Gymnospomngiimi juniperi-virginianae Sehw., and brown rot, Sdero- 
tinia fnicticola (Wint.) Rehm. Similar experiments were conducted with 
commercial wettable sulphurs whose fungicidal properties were affected not 
only by particle size but also by the presence of various adjuvants, and bv 
different methods of manufacture. Sulphur materials prepared' by the 
Grmrod and flotation processes were relatively less adhesive than ground 

sulphur of equal particle size, provided no material was added to aid reten- 
tioii. 

^ Tlie j)article-size measurements were cheeked by 4 different methods and 
fair agreement was obtained. The variation in results obtained by different 
methods is discussed and it is concluded that the Andreasen sedimentation 
method and the air-permeation method are the most reliable procedures. 

I liotomicrographs of the particles in representative materials further 
confirmed the results of the particle-size determinations. These pictures 
emphasize the fact that for a given weight of material there are many more 
particles per unit area for a fine powder than for a coarse one. 
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reaction op resistant tobaccos to certain strains 

OF NICOTIANA VIRUS 1 AND OTHER VIRUSES^ 


H. H. McKinney 2 
(Accepted for publication November 8, 1942) 

INTRODUCTION 

Data presented in another paper (13) show that certain collections of 
tobacco from Colombia, which are exceedingly unfavorable hosts for Nieo- 
tiana virus 1, rarely manifest gross signs of disease when infected experi- 
mentally. However, when these highly resistant plants are infected with 
certain yellow-type mutants from Nieotiana virus 1, symptoms may or may 
not result, depending on the conditions of culture. Tests were carried out 
with several virus mutants isolated by the writer, with several varieties or 
strains of Nieotiana virus 1, collected in the field by the -writer and others, 
and with several viruses outside the common-mosaic group.^ 

MATERIALS AND METHODS 

The plant materials employed in the research herein reported were de- 
scribed in another paper (13). They comprised 3 tobaccos, i.e., 1. Wiseon- 
sin-Havana Seed, very susceptible; 2. Ambalema, resistant; 3. T.I. 448A, 
very resistant; and 4. Nieotiana glauca L. (8). 

Most of the assays were made on the primary leaves of Phaseolus vulgaris 
L., var. Scotia, in accordance with the methods outlined previously (13), 
but other testing species were used for certain viruses as indicated through- 
out the paper. In certain of the assays, 600-grain carborundum powder w'as 
dusted on the bean leaves before wiping with the extracts. 

Those viruses used were ; Nieotiana virus 1 and seven distinct mutants 
isolated from Nieotiana virus 1. Although none of these mutants can be 
regarded as slow-moving in Wiseonsin-Havana Seed tobacco, they constitute 
a graded series for the degree of chlorosis incited, beginning with the mild- 
green mosaic mutant AMG (12), and ending wdth the severe yellow-mosaic 
mutant B8Y (12).* “White” mosaic virus’’ collected in the field by W. D. 

1 Studies supported in part -by funds provided under Bankhead-Jones Proieet S.R.F. 

2-17, Agricultural Research Administration, IT. S. Department of Agriculture. These 
studies were cooperative between the Bureau of Plant Industry and the Bureau of Agri- 
cultural Cbemistiy and Engineering. ^ 

2 Senior Pathologist, Division of Cereal Crops and Diseases. Acknowledgment is due 
Mafthew Koerner for assistance in conducting the tests; W. D. Valleau, E. E. Clayton 
S. P. Doolittle, E. S. Schultz, and T. P. Dykstra for supplying virus or other materials. ^ 

3 Smith's (18) system of nomenclature is used for those viruses he has listed. 

4 The term yellow mosaic as used by the writer has always been based on the pigment 
coloration in dark tobacco. When mutant BSY was isolated in 1926, the writer then at- 
tempted, without success, to isolate a virus that might induce a bleached or white mottling 
bmee then he has tried several times to obtain such an isolation, but without suecesl 
When the writer ^'s yellow-mosaic BSY was studied on light-green tobaccos of the Burley 
type, white mosaic resulted. The normal plastid pigment content of these tobaccos is so 
low m comparison with that in the dark tobaccos, that the yellow pigments frequently 
reach their end points in a large percentage of the mottled tissue. Since all of the research 
on isolated yellow-mosaic mutants has been done with the dark green tobaccos, and since 
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Valleau (19) ; Plantago-niosaic virus collected by the writer, and similar to 
Marmor tabaci var. plantaginis described by Holmes (5) ; Type B yellow- 
mosaic virus (9) ; Nieotiana virus 6 (12) ; Type C yellow-inos'aic virus (9) ' 
Solanum virus 2, veinbanding-mosaie source; Solanum virus 2, “Y ’’-mosaic 
source ; Cueumis virus 1, cucumber-mosaic source ; Cucumis virus 1, celery- 
mosaic source, and Nieotiana virus 12 (tobacco ring spot). 

The experiments were conducted in a greenhouse and in controlled- 
temperature chambers. All tests were made in daylight. The methods 
of culture were the same as those previously described (13). 


^ne virus extract and at the same time a. the very young plant “leaf 


— — * xvjLDUJUXfS 


Reaction of T.I. 448A to Some of the Mutants from Nieotiana Virus 1 

r ®f tests were carried out in the greenhouse with plan 

ot r.I. 448A ranging from 40 to 80 days old from date of seeding. It wi 
found that the mild-green mosaic mutant AMG induced no symptoms und, 
any conditions ttough virus was isolated from the inoculated plants. 1 
y o ung plants 40 days old, all 6 of the yellow-mosaic mutants that were teste 

H light tobaccos are ^employed tMs^facTfhouW be'lo^shtcTl"^ workers, it is evident th 
wise, ^ then, will be resultant confusion experimenter. Othe 

of specific rank, but merely* aTiafectioiw entitv^**This'*^ P’lper, signifies no viri 

terms as pathogen, parasitennSous eompares with that of su< 

paper this usage has been made clear by the context Throughout tl 
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induced primary and secondary yellow spots, but in plants 49 days old, and 
older, irregularities became more evident; 3 of tbe yellow-mosaic mutants 
failed to induce secondary symptoms ; primary symptoms were faint and 
sometimes absent. Figures 1 and 2 illustrate resistance coincident with age 
and genotype. 

These results made it very clear that some of the mutants were less infec- 
tive than others and that other factors were operating. It appeared that 


Fig. 2. Portions of leaves from large tobacco plants wiped with yellow-mosaic mu- 
tant BSY. A, T.I. 448A; B, Wisconsin-Havana Seed. 

age of plant and temperature are important. As mutant E/SY (12) seemed 
to be less erratic than some of the other yellow-mosaic mutants, it was used 
in much of the subsequent work. 

Effect of Age of Plants. In young plants inoculated with B8Y by the 
leaf -wipe method, and cultured near 22° C., secondary chlorotic spots devel- 
oped on 7 to 17 leaves above the inoculated leaves. The number of chlorotic 
spots and their intensity in yellow color decreased on the leaves progres- 
sively up the plants. Secondary chlorotic spots frequently developed a 
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concentric pattern (Fig. 1C). In comparison with the highly susceptible 
control plants, the primary chlorotic spots usually appeared from 1 to 3 
days later on the wiped leaves of T.I. 448A. 

The first signs of secondary chlorotic spots usually appeared at the tip 
and margins of leaves that were f to 1-i inches long when the plant w’as 
inoculated. As these leaves enlarged, new spots appeared progressively 
towards the petioles ; and there was considerable spread of chlorosis from 
the original centers, especially near the apical margins of the leaf. Several 
subsequent leaves developed chlorotic spots in the same manner; but, since 
the number of spots per leaf became progressively less in subseqimut leaves 



yellow spots wliieli auDeareV: tho discrete 


veilow spots whieh ‘mnpTrAT. ® ciar^est spots denote the initial, discrete 

and also the spread of elilorosk from yXw “ ntei-I'"' appeared later 

the sequence of their appearance from the tip to the base of the leaf became 
less striking. By far the majority of chlorotic spots was centered in the 
mesophyli traversed by the smallest veins. Very few spots had their centers 

roti!:t^ I'VT”' Wisconsin-Havana Seed tobacco, the chlo- 

fr<*sli vi'rufet^ nf f inoculated with 

> 1 1 , ' ? f- 1 ^ by means 

of needle I uncture.s m the leaf axils near the growing tip and four were 

"‘onulated by wiping nondiluted virus extract on 3 lea^e 
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No symptoms appeared in and no virus was recovered from the plants 
inoculated by means of the needle. Local chlorotic spots appeared on ail 
the leaves in the wiped series, one plant developed secondary symptoms on 5 
leaves and 3 plants failed to show secondary symptoms. 

A plant of T.I. 448A and a plant of Wisconsin-Havana Seed, each about 
80 days old, were inoculated by wiping the leaves Avith nondiluted fresh 
extract of BSY. No local chlorotic spots appeared on the wiped leaves of 
T.I. 448A, but from 50 to 400 spots appeared on the wiped leaves of Wiscon- 
sin-Havana Seed (Fig. 2) . When the primary symptoms appeared on 
Wisconsin-Havana Seed tobacco, one-half of each of 11 leaves from each of 
the varieties Avas assayed. The leaf samples were thoroughly pulped in an 
equivalent amount of buffered solution by Aveight and the resulting extracts. 
Avithout further dilution, Avere Aviped on Scotia bean leaves. The extracts 
from the leaves of Wisconsin-Havana Seed induced from 212 to over 500 
lesions per bean plant. Four of the leaf samples from T.I. 448A failed to 
induce lesions, 6 failed to induce more than a trace, Avhich might represent 
residual virus, and 1 leaf induced an average of only 12 lesions per bean 
plant. TAvelve days later the remaining halves of leaves on the T.I. 448A 
plant Avere assayed. The highest level of activity Avas in a sample that 
induced 41 lesions per bean plant. 

When the leaves of large plants of T.I. 448A were dusted -with 600-grain 
carborundum poAvder and Aviped with strain BSY, local chlorotic spots 
appeared in large numbers. In one test, the effect of carborundum Avas 
determined on half leaves. The number of local spots on the halves receiA'- 
ing no carborundum ranged from 0 to 10, and on those receiving the poAvder, 
the number ranged from 172 to over 300. The latter figure could not be 
determined accurately as the spots were too numerous. 

Assays indicate that mutant BSY is not present in the upper portion 
of mature inf ected. plants of T.I. 448 A. This virus-free zone seems just as 
extensive, if not more so, Avhen BSY is applied, as is the ease Avhen Nicotiana 
Aurus 1 is used (13). 

In young plants of T.I. 448A, mutant BSY has not been isolated from 
the groAving points and smallest tip leaves Avhen the typical secondary symp- 
toms obtain in the large leaves. In one test, a group of plants showing typi- 
cal symptoms was used for making Aurus assays on extracts from the young 
symptomless leaves. These leaves were divided into 3 groups as folloAvs : (1) 
growing points and tip leaves 15 mm. long and shorter; (2) leaves next 
below (1) and 22 to 35 mm. long; and (3) leaves next below (2) and 50 to 
65 mm. long. These samples Avere finely pulped in 4 parts of buffered solu- 
tion and wiped on bean leaves previously dusted with carborundum poAvder. 
No necrotic lesions were induced by any of the extracts. In similar tests, 
traces of virus have been detected occasionally in leaves 50 to 65 mm. long, 
but virus is rarely detectable in leaves 30 to 40 mm. long. 

Since carborundum poAvder greatly increases the number of primary 
infection sites in T.I. 448A, it Avas thought that typical mosaic mottling 
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might occur if concentrated virus extracts were wiped on all the leaves of 
plants dusted with carborundum powder. However, in spite of the myriads 
of primary sites that developed, there was not a single case of mosaic 
mottling in 60 T.L 448A plants so treated. 

In siiseeptible tobacco such as Turkish, variety Samsun, and Wiseonsin- 
Havana Seed, BSY has been detected without fail in the growing points and 
smallest leaves from plants showing the typical yellow-mosaic symptoms 
even when the samples were diluted to Kh* with buffered solution. In such 
a test, run concurrently with that cited in the preceding paragraph, the 
growing points and small mottled leaves 6 mm. long contained sufiScient 
virus to induce 124 lesions per bean plant, and mottled leaves, 35 to 40 mm. 
long, from the same plants, induced 400 lesions per bean plant. 

Effect of Temperature. Experimental consideration was given to the 
effect of temperature on infection and on expression of symptoms in TI 

tfow '“'’f inoculated wdth Nieotiana virus 1 and its mutant 

Bbl . Plants 64 days old were used. Counting tip leaves i inch lone the 
plants bore 8 to 9 leaves each. Three well-developed green leaves '"were 
Wiped With noudiluted fresh virus extracts. Three plants of each combina- 
tion ot virus and variety were placed in each of 3 temperature chambers 
eoiitrolled near 22.5° C., 28.5° C., and 33.5° C., respectively. Winter day- 
Iiglit was tlie only source of illumination. 

The results are given in table 1, and samples of the leaves wiped with 
btiain PM are illustrated in figure 4. Leaves wiped with Nieotiana virus 1 

hKhwl symptoms. The necrotic lesions 

mduced bx B81 on Ambalema at 28.5° C. (Fig. 4, E) were very small. 

nej stalled as minute brown points resembling those at 22.5° C. (Fio' 

, ; lilt, unlike the latter, they made more progress, and developed light- 

green to yellow margins. On the leaves of T.I. 448A, no necrotic lesions 

It IS of interest to note that, in Ambalema at 22.5° C. and 28.5° C no 
secondary cholorotie spots appeared, and assays failed to reveal systemic 
wus ,« the.. A. these s..„. tee.p.«u.,s. some of the pSit.s 7 

T.I. 448A manifested secondary chlorotic spots. The tendency for Amba 
ema to produce only local necrotic lesions at the lower temperatures and 
to deve op secondary symptoms at the highest temperature is siX to 

L. when " 

mosaic virus (type A). ^ ™ that paper as yellow- 

It will be observed in table 1, that Nieotiana virus 1 induced a few sec 

1 to 3 leaves on 

+h i patterns consisted of rather faint outlines Imvino- 

the numeral fonu of the patterns induced on old leaves of Wis^nSrH™ 

tratL if i""*’ "''"th some of the yellow mosaics. The writemillus- 

tiat(d. this leaetion in an early paper (8, Fig. 8) 



Symptoms at temperatures and on varieties indicated 
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Miitaiit BSY^ at 33.5 C. did not induce primary 
discrete type in either T.I, 448A or Ambalenia. In 


Pig. 4, r “ 
toms in young j)laiits. 

0 .; 

patches appeared near the bases of the leaves j 
veins. This ehloiusis took on the form of 


Mtotf of temperatur 

?.riiv,"w'. T.I. 448A, incubated at 22.t 
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effect was obscured as chlorosis finally involved most of the surface of a 
leaf. This reaction occurred in 3 leaves on each plant. It was impossible 
to continue this test through the entire vegetative period. 

In another test, with mutant B8¥, plants of T.I. MSA, but younger than 
those referred to in table 1, developed chlorotic spots on wiped leaves at 
temperatures near 23° C. Younger plants also have shown secondary symp- 
toms in a more severe form at temperatures near 28.5° C. than wa^s mani- 
fested at this temperature in the above test. However, even very young 
plants of T.I. 448A sometimes fail to manifest secondary symptoms. In this 
test 21 small plants of T.I. 448A were inoculated with concentrated virus 
extract of BSY; 3 to 4 leaves on each plant were wiped; virus also was intro- 
duced into the stem tip of each plant by means of a needle. The culture 
temperature was near 23° C. Secondary chlorotic spots appeared in 10 
leaves on 4 plants ; in 8 to 9 leaves on 9 plants ; in 6 to 7 leaves on 6 plants ; 
and in 2 leaves on 1 plant. In one plant there were no secondary symptoms. 
There is no evidence that the plants manifesting these different reactions 
and nonreaetion represent distinct genotypes. The variability is explained 
on the basis that 1 .1. 448A is a poor suseept, in which ease disease expression 
is subject to relatively slight differences in conditions that would not be 
reflected in highly susceptible plants. 

Localization of Nicotiana Virus 1 and Its Mutant BSY in T.I. 448A 

Tests with Mutant BSY . — Preliminary data and observataions suggested 
that the major increase of virus in T.I. 448A is confined to relatively few 
scattered zones, and as previously reported (10), this was found to be 
the case. 

One of the first leaves of T.I. 448A to manifest severe secondary chlorotic 
spotting from mutant BSY was removed, and all spots were carefully located 
on a sketch illustrated in figure 3. Assays were made from (1) the yellow 
tissue, (2) the normal green tissue, (3) the large lateral veins, and (4) the 
midrib. All green tissue, lateral veins, and midrib tissue adjoining the 
yellowish-green margins of the yellow tissue were discarded. From 2 to 3 
mm. of normal green tissue was left attached to and assayed with the lateral- 
vein tissue. The tissues were pulped thoroughly in 3 parts of buffer by 
weight, and the extracts were wiped on the primary leaves of Scotia bean 
plants. The lesion counts for the 4 tissues are listed in table 2. 

TABLE 2 . — Virus concentration in yellow tissue and in green tissue of leaf of T.I. 
USA tobacco infected with mutant BSY as shown by assays on Scotia bean plants. I)ia- 

gram of leaf shown in figure 3 


Tissue tested 

Yellow zones 

Green lamina, no signs of chlorosis 

Lateral veins 

Mid-veins 


Lesions per plant 


701.3 

48.0 

46.7 

0.3 
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These data indicate that the virus is more abundant in, but not confined 
to the yellow zones. Since the counts for the lateral veins and for the green 
tissue are so close, it seems reasonable to conclude that the bulk of the virus 
in the vein sample was in the attached green tissue. The low count from 
the midrib seems to indicate very little virus in the large vascular channels 
Another leaf bearing a single yellow spot, was cut into sections and each 
section thoroughly pulped in 0.5 ce. of buffered solution and assayed on bLn 
leaves. The number of lesions per bean plant induced bv each section of 
leaf tissue is given in figure 5. It will be observed that all detectable virus 
was located in and around the yellow spot, and that part of the normal 
green tissue near the yellow spot showed slightly greater virus activity thm. 
the yellow spot. 



A plant of T.I. 448A infected with mutant B8Y exhibited chlorotic spots 
on 4 consecutive leaves. The 8 leaves above these appeared normal in every 
■n aj . e .spotted leaves and 4 apparently normal ones immediately above 

'!! separately, each on 4 bean plants. Extracts from entire leaves 

I^le tissue without dilution. The results in 

yellfni^spots' ^ ‘^®^'®''table virus is not confined to leaves exhibiting the 

svstemic disl-U I-~A test was carried out to determine the 

l«d 00 ™ 1 iu a leaf of T.I. 448A. Part of a 

on parts of this trom an infected plant. Preliminary assays 

visille shnnt o s virus, but there were no 

.1 > . 1 he portion used in this test was cut into 19 sections con- 
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forming to the main vascular channels and leaf lamina (Fig. 6). Each 
section was finely ground in 3 parts of buffered solution, and the extracts 
were wiped on bean leaves. The numerals in the sections in figure 6 indicate 
the number of necrotic lesions per bean plant induced by the extracts from 
the sections. It will be observed that nearly all of the detectable virus 
occurred in 3 adjacent sections of laminal tissue. 

The data cited in this chapter show that Nieotiana Aurus 1 and mutant 
BSY are localized to a very high degree in T.I. 448A tobacco. BST virus 
tends to be most concentrated in the chlorotic zones, but it is not confined to 
them. This observation is at A'ariance AAuth the results reported by Valleau 
and Diachun (19). They succeeded in isolating virus only from the yelloA? 
zones in resistant tobacco leaves infected Avith their “white ’’-mosaic' Aurus. 


1°’’ presence of mutant BSY in spotted and adjacent nonspotted 
leaves of T.I. 448A tobacco, as shown by assays on Scotia bean plants. B.xtracts not 

diluted 


Leaf No.a 

Yellow spots 
on leaf 

Lesions per 
plant 


Number 

Numter 

10 

12 

361 

11 

6 

127 

12 

20 

216 

13 

5 

57 

14 

0 

40 

15 

0 

83 

16 

0 

77 

17 

0 

12 


a Counts begin at base of stem. Leaf 21 was 2.5 cm. long, leaf 17 was 28 cm. long 
and had not quite reached its full size. 


The results of similar tests on leaves of T.I. 448A infected with Valleau 's 
‘ Svhite ’ ^-mosaic virus are cited later. 

Observations Relating to Typical Mosaic Mottling in Wisconsiii- 

Havana Seed 

The results obtained with mutant BSY in T.I. 448A suggested a series 
of observations on mosaic-mottled leaves of Wiseonsin-Havana Seed tobacco 
infected with BSY and supplementing those reported in 1929 (8). At that 
time the writer called attention to and illustrated the unusual symptoms 
that develop in the leaves of ■Wiseonsin-Havana Seed tobacco when BSY 
virus invades well-developed, mature leaves. Reference to figure 8 in that 
paper (8) will show the characteristic ‘Aak-leaf’’ pattern. These early 
observations made it clearly evident that the types of chlorotic symptoms 
induced in leaves are determined to a large extent by the stage of develop- 
ment of the leaf at the time of invasion. 

Leaves of Wiseonsin-Havana Seed tobacco with typical yellow-mosaic 
mottling were observed from the time they were 10 to 15 cm. long until 
they were mature. Normal green zones were carefully observed and it was 
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found that many of them remained normal green only a short time. In 
many cases yelloAv spots appeared, which resembled the secondary yellow 
spots that occurred in T.I. 448A tobacco. 

Microscopic studies were carried out on small pieces of the various types 
of spotted, and mottled tissues and the normal green tissues cut from in- 
fected leaves of Wiseonsin-Havana Seed tobacco. These pieces of tissue 
were dropped into absolute alcohol for a few minutes, then transferred to 
xylol for a like period. Partly cleared, they were then mounted in xvlol 
and viewed through a compound microscope. With a magnification of 
100 X, it was possible to see through the epidermal cells and observe and 
count the palisade cells in both green and yellow areas. 



virus ^ ^ ^ infected with Nicotiana 

ratX' fn, symptoms on leaf; all sections outlined were assayed sepa- 

ately foi virus, numerals denote number of lesions per bean plant. ^ 

These observations showed that (1) mottled leaves frequently contain 
noinidl gieen patches in which no yellow cells are detectable under the 
impound microscope; (2) patches that at first are normal green to the eye, 
’+• ““’.T <J«^'elop a light or faded green; (3) these faded areas consist 
0 small islands of palisade cells containing chlorophyll surrounded by yel- 
ow palisade cells ; (4) fte small green islands range from 1 to 20 or more 
pa isade cells; (5) the faded green areas frequently, hut not always, become 
comp e e j yellow; and (6) this secondary yellowing in the normal green 
patches sometimes involves all palisade cells from the beginning of the 
piocess, lesembling the progress of the secondary yellowung in perennial 
pejiper leaves that have the local lesions of mutant B8Y (14) 

It seems reasonably evident from the observations cited that the occnr- 
lence ot tlie typical mosaic patterns in foliage is dependent on virus entering 
ne very small eaves, and that the mottling is modified by secondary chloro’- 
MS as the Jeai develops* 
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Inoculations with Miscellaneous Field Varieties of Nieotiana 
Virus 1 and Other Viruses 

“WMU’’ -mosaic virus. This virus was supplied by W. D. Valleau It 
is very similar to, but not identical with mutant B8J. In dark tobacco it 
induced severe yellow mosaic and was almost indistinguishable from BSY 
mosaic. In NtcoimM glauca it was isolated from top leaves in 80 per cent 
of the mature Plante; it induced stem mottling and chlorotic spots in some 
of the leaves throughout the life of these plants. Mutant BSY was not com 

pletely systemic m any of the plants, and induced very few or no secondarv 

cMorotie spots (9). - 

Mutant and “white ’’-mosaic virus were each tested against Nico- 
tiana virus 1 m Wisconsin-Havana Seed tobacco to determine the relative 
mterferenee^ or antagonism. The methods applied were the same as those 
reported for use with systemic viruses (12). It was found that Nieotiana 
virus 1 supplanted both of the other viruses, and that BSY virus was sun 
planted more quickly than the ‘ ‘ white ’ ’-mosaic virus ' 

In two. tests with T.I. 448A, the “white ’’-mosaic virus induced secondarv 
light-gieeu and yellow spots in 8 to 10 leaves per plant, with a maximum 
of 250 spots per leaf, whereas BSY virus induced similar spots on 4 to 5 
leaves per plant, with a maximum of 25 spots per leaf. 

Three > "“h from a separate plant of T.I. 448A, were chosen for 

study. Leaf 1 had 22, leaf 2 had 77, and leaf 3 had 271 systemic yellow 
spots (“white” mosaic). There was enough normal-green tissue in each 
leaf to provide samples well removed from yellow spots. Tissue samples 
consisted of round discs 19 mm. in diameter. One disc was removed from 
an area containing 10 yellow spots; 12 discs, 4 from each leaf, were taken 
from normal-green zones flanked by scattered yellow spots at distances 
langing from 5 to 20 mm. from the margins of the discs. Each disc was 
pulped in 3 cc. of buffered solution, and the resulting fluid was wiped on 
the two primary leaves of 3 bean plants. 

The 4 normal-green discs from leaf 1 induced 0, 0, 1, and 1 lesions, respec- 
tively, on the 6 bean leaves ; those from leaf 2 induced 800, 700, 300 and 1 
lesions, respectively, per bean plant; and those from leaf 3 induced 90 35 
0, and 0 lesions, respectively, per bean plant. The disc from the spotted 
tissue induced 1400 lesions per bean plant. The high counts were based on 
close estimates. 

Fourteen d&ys following the above assays, a few light-green and yellow 
spots appeared in some of the areas that were normal green at the time the 
sample discs were removed. It is not surprising, therefore, that virus was 

isolated irom some of the normal-green tissue 
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111 another test with T.L 448 A, ' 'white ' ’-mosaic vims incliieed yellow 
spots in 4 consecntive leaves above the inocnlated leaf. In the next 4 con- 
secntive leaves, faintly chlorotic spots appeared that were detectable only in 
transmitted light, whereas, no signs of disease appeared in any of the "well- 
developed leaves above nor in the tip leaves. Nondiliited extracts from each 
of these symptom-free leaves and from the tip cluster of small leaves were 
assayed on bean leaves. Proceeding in order up the plant, these extracts 
induced local lesions at the rate of 800, 30, 400, 2, 0, and 0 lesions per bean 
plant. 

Trials wdth tobacco genotypes that carry the necrotic-lesion factor and 
trials with Nicotiana sylvestris Spegaz. and Comes, have shown these types 
to be inferior test plants for detecting traces of necrotic-lesion-inducing 
viruses. Phaseolm vulgaris L., when grown near 33.3° C. after inoculation, 
and Nicotimia glutinosa L., appear to be among the best known test plants 
for determining traces of the viruses under discussion. The fact that Val- 
leau and Diachun (19) used a tobacco for their testing suggests one possible 
explanation for their failure to detect traces of virus in their normal-green 
tissue. 

" AYhite ’’-mosaic virus, like BSY virus, was not isolated from the growing 
tips of the stems and small leaves of infected plants of T.I. 448A. A t5q:)ical 
test is cited. The tissue extracts were diluted in 5 parts of buffered solution 
and wiped on bean leaves dusted with carborundum powder. The extract 
from the growing points and smallest leaves and the extract from leaves 2.5 
to 5 mm. long induced no lesions, whereas the extract from leaves 70 to 90 
mm. long induced 350 lesions per bean plant. There were no chlorotic spots 
discernible on any of the tobacco leaves tested. 

Type B Yellow-mosaic Yinis. This virus was isolated from Nicotiana 
glauca L., growing in the Canary Islands (8). It is very similar to mutant 
B8Yy but, unlike BSY^ it induces severe yellow mosaic in Nicotiana glauca 
(9). In T.I. 448A tobacco, however, the two viruses induce symptoms that 
are practically indistinguishable. 

Plantago-mosak Virus. This virus was collected in 1941 on Pla^itago 
major L. at Arlington Farm, Virginia, On this species the disease is dis- 
tinctly a ring spot. It was found in 3 separate locations, 2 of which were 
within a few feet of the entrances to 2 separate greenhouses; the other 
w^as close to a laboratory entrance. Common mosaic of tobacco had 
long been studied in these greenhouses and in the laboratory. Search 
for this disease on P. major and P. lanceolaia L. in nearby Virginia, Mary- 
land, and the District of Columbia has met with failure. Experiments have 
shown that infected leaves of P. major frequently show no signs of disease. 
This virus may be a strain of Nicotiana virus 1; it is similar to the virus 
colletded by Holmes (5) on P. major and P. lanceolaia, but, unlike his virus, 
it rarely induces local lesions, ring spots, or oak-leaf patterns on Turkish 
tobacco, var. Samsun. 
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In tobacco T.I. 448 A, tbe virus induced no symptoms. Systemic virus 
was recovered from only one of the 30 inoculated plants, and this plant was 
one of a series of five inoculated by the carborundum-wipe method. The 
tests conducted thus far indicate that T.I, 448A tobacco manifests an un- 
usually high degree of resistance against this virus. 

NicoUana Tints 6. This virus induced no local or secondary symptoms 
in T.I. 448A and only occasional, faint, light-green spots in Ambalema. In 
both genotypes, the virus seems to synthesize and progress much like Nico- 
tiana virus 1. 

Type C Yellow-mosmc Tirus, This virus and Nicotiana virus 6 seem to 
belong to a closely related group occurring in Nicotiand glauca growing in 
the Canary Islands (9). In T.I. 448A no local or secondary symptoms 
occurred, and the virus made very slight progress in the few plants that 
have been studied. 

Solamcm Virus 2. Virus from veinbanding mosaic and virus from the 
mosaic induced typical symptoms in T.I. 448A, This tobacco is re- 
garded as highly susceptible to both of these mosaics. 

Cucumis Virus 1, Virus from the milkweed-cucumber source induced 
mosaic without necrosis in T.I. 448A ; but virus from the celery-mosaic source 
induced local chlorotic spots and compound necrotic lesions and systemic 
necrosis in stems and young leaves. 

Nicoiiana Virus 12 (tobacco ring spot). T.I. 448A is very susceptible 
to the acute symptoms, and manifests the low-temperature chlorosis and 
mosaic mottling associated with the chronic phase (11) of this disease. 

DISCUSSION AND CONCLUSIONS 

When viruses of the yellow-mosaic mutants were used to inoculate tobacco 
T.I. 448A, the secondary chlorotic spots rarely appeared in the new leaves 
until they had attained about to J of their growth. Traces of virus, how- 
ever, were detected occasionally in tip leaves 5 to 6 cm. long. The virus 
either does not enter or increase perceptibly in the very young leaves, which 
probably explains the absence of true mosaic mottling in T.I. 448A. The 
first signs of secondary chlorotic spots usually appear at or near the tip of 
the leaf. Spotting tends to progress down the leaf as it grows. The spread 
of chlorosis from the initial spots tends to be greatest in the leaf margins 
and tip. Thus it appears that this spread is not correlated with the rate of 
cell division, as division is less rapid toward the tip than it is in the lower 
margins (1). 

The evidence available makes it rather conclusive that the secondary 
chlorotic spots in T.I. 448 A and Ambalema result from the destruction of 
ehlorophyll rather than from the prevention of chlorophyll synthesis. Prod- 
ucts of a deranged metabolism may be the direct cause of the destruction of 
ehlorophyll in these tobaccos, but good circumstantial evidence of this can- 
not be obtained so readily as in perennial pepper, Capsicum frutescens L. 
(14). 
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In the highly susceptible genotypes, such as Wisconsin-Havana Seed 
tobacco, it appears that the amount of virus in the very small leaves, although 
less than in leaves at a more advanced stage, is sufficient to induce the neces- 
sary reactions that prevent or reduce the synthesis of chlorophyll in certain 
groups of parenchyma cells. It may be that these cell groups are more 
susceptible than those in which the normal quota of chlorophyll is produced. 
However, from the observations cited for T.I. MSA and Wisconsin-Havana 
Seed tobaccos, it appears more likely that the initial quantity of virus enter- 
ing the youngest leaves in a highly susceptible tobacco may be too small to 
insure all parenchyma cells receiving their quota of virus before the chloro- 
phyll is synthesized, and that those cells receiving virus after the appearance 
of chlorophyll do not become chlorotic for a time at least, depending on the 
virus used. Thus, the classical mosaic pattern results. 

With common mosaic (Nicotiana virus 1), the classical mosaic pattern 
in dark-green tobaccos tends to change very little as the leaves develop, 
whereas, with yellow mosaics, the mosaic pattern tends to be less permanent, 
becoming modified because of the advance of delayed chlorosis into the green 
zones as the leaves develop. 

The evidence against the free movement of the common-mosaic virus 
and the yellowing strains in T.I. 448A tobacco, and the evidence for delayed 
movement of common-mosaic virus out of the initial infection sites in highly 
susceptible tobacco (4) and tomato (7), suggests that relatively few virus 
particles move long distances in the plant (13). It is to be expected that 
molecules or micellae of the immense size of the virus will not move about 
in the cytoplasm (15) and through the plasmodesmata and other channels 
as freely as sugars and other solutes. 

It is of special interest that none of the mutants from the common-mosaic 
virus seemed to have greater invasive powers than the common-mosaic virus, 
and some of them seemed less invasive. None of these strains nor Nicotiana 
virus 1 induces local or systemic necrosis in T.I. 448A. Very small local 
necrotic lesions occurred on the leaves of Ambalema tobacco, but no systemic 
necrosis has been observed. 

The strain of Nicotiana glauca used by the writer (8, 9) is variously 
similar to T.I. 448A and Ambalema tobaccos with respect to the resistance 
to the common-mosaic virus and yellow strains used in these studies. How- 
ever, when a series of strains is tested on T.I. 448A and N. glauca^ the exact 
order of virulence obtaining in one host is not reflected in the other. The 
results obtained with virus strains BSY, type B and ‘'white’’ mosaic illus- 
trate this point. Furthermore, the collection of N, glauca used does not 
react in the same way to different collections of the light-green-mosaic viruses 
that clearly belong in the common-mosaic group (8, 9) . Such results make 
it luther clear that a single strain of virus cannot be used for indicating the 
precise mosaic-resistance-gene makeuip in mosaic-resistant plants. Certain 
yellow-mosaic strains may serve as rough indicators of resistance to the wild 
or field-type of common mosaic vii'us, but the complete genetic picture cannot 
he obtained in this manner. 
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In the genus Niooimna, the various gene complexes regulating symptom 
expressions induced by a given virus strain seem to show as much diversity 
as is shown among the various strains of the common-mosaic virus when 
compared on a given suitable genotype. In breeding work, these gene com- 
plexes seem to combine in so many different ways as to make it appear highly 
probable that all the strains of the common-mosaic virus would have to be 
used as testers in order to detect all of the gene complexes controlling the 
various types and degrees of disease expression in the genus. 

Plants of T.I. 448A and Ainbalema tobacco infected with Nieotiaiia 
virus 1 have never shown yellowMnosaie mutation spots (9) in the waiter's 
tests, either in the field or in the greenhouse. Since all of the evidence 
available indicates that Nicotiana virus 1 interferes with the unlimited 
increase and spread of its mutants (9, 12), it seems highly probable that 
these resistant tobaccos may be regarded as very poor natural reservoirs 
for mutant viruses arising from Nicotiana virus 1. If at some future time 
it is discovered that Nicotiana 1 does give rise to mutants that suppress it, 
the problem will be changed and difficulties may be encountered with all of 
the types of resistant tobacco now^ in use. 

Tobacco T.I. 448A appears to be one of the best genotypes, if not the best, 
now available for use in breeding for resistance against the common-mosaic 
virus and its mutants. Some of the genotypes isolated from the crosses 
studied by Nolla (16) and by Valleau (19) may be just as resistant as T.I. 
448 A, but this point can be settled only from the results of comparative tests, 
as the published results leave too many points in doubt. 

Bureau of Plant Industry Station, 

Beltsville, Maryland. 
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A STUDY OP THE GENETICS OP SOROSPORIUM SYNTHERISMAE 
AND SPHACBLOTHECA PANICI-MILIACEIi 

W.J.Maktin 
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It is important for the plant breeder to know the range in variation in 
the fungi that cause plant diseases in order that he may work most efficiently 
in the production of improved varieties. A better knowledge of the extent 
and nature of variation in the smut fungi that attack grasses, therefore, 
should be beneficial to the plant breeder in the improvement of grasses. 

There are over 100 species of smut fungi that attack approximately 250 t 

species of grasses in the United States (1), but very little is known about 
variation in many of these species. Davis (5), Fischer (6, 7), and others 
(2, 11) have contributed greatly to our knowledge of some species that 
attack grasses. Martin and Kernkamp (15) found numerous biotypes in 
each of 5 species from grasses and reported the production of variants in 
monosporidial cultures of these smuts. Subsequently, Sorospormm syn- 
therismae (Pk.) Pari. a.nd Sphacelotheca panici-miliaoei (Pers.) Bubakwere 
studied more thoroughly to determine the extent and nature of variation 
resulting from mutation and hybridization. The results are given in this 
paper. 

Sorospormm syntherismae is a head smut that has been reported on the 
following hosts : Panicim agrostoides Spreng., P. capillare L., P. dichoiomi- 
flarum Michx., P. hirticaide PresL, P. siramineum Hitchc. and Chase, 

Cenchnis echmatus L., C. incertus M. A. Curtis, C. paiiciflorus Benth., and 
C. irihuloides L. Sphacelotheca panici-milmcei, also a head smut, occurs 
on Panicuni miliaceum only (1, 24). 

The literature on the genetics of the smut fungi has been summarized by 
Christensen and Rodenhiser (3) and by Miss Sampson (18) ; therefore, no 
general review of the literature is given, but pertinent literature is discussed 
ill the text w’hen deemed necessary. 

MATERIALS AND METHODS 

The collections of Sorospormm syntherismae w^ere obtained from Panicum 
capillare and Cenchrus pmicijiortis, two common hosts of that species; the 
collection of Sphacelotheca panici^miliacei came from Panicum miliaceum. 

The collections of the former conformed generally to Clinton’s description 
of that species (4), while that of the latter agreed with ZundePs descrip- 
tion (24). 

1 Summary of a thesis presented in partial fulfillment of the requirements for the 
degree Doctor of Philosophy, granted by the University of Minnesota, June, 1942. 

Paper No. 2030 of the Scientific Journal Series, Minnesota Agricultural Experiment 
Station. 

Assistance in the preparation of these materials was furnished by the personnel of the 
Works Progress Administration, Official Project No. 165“71-1”124. Sponsored by the 
University of Minnesota, 1942. 
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The seeds of grasses used in the experiments were obtained from the 
following sources : Panicum miliaceum from A. C. Arny of the Division of 
Agronomy and Plant Genetics, University of Minnesota; Panicum capillare 
and Cenclirus pauciflorus from field collections made by the writer in 1940 at 
University Farm, St. Paul, Minnesota. All the seeds were treated in a 
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SOROSPORIUM SYNTHERISMAE 



SPHACELOTHECA PANICI - MILIACEI 

of geminating eMamydospores of Soro.porium 
<.^mac and kphaoelotlieca pamm-mihaoei stained with iron-atan liaemato.xylin. 

10 minutes, washed for 4 hours in run- 

water, and then allowed to dry. 

For nioculation purposes, mouosporidial lines were grown in potato- 
dextrose broth containing 15 per cent dextrose; the high sugar content in- 
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duced a sporidial rather than a mycelial type of growth (13), which is highly 
desirable, especially when inoculations are made with a hypodermic syringe. 
Inoculations were made by injecting 10-day-old cultures into young seed- 
lings, or else by soaking the seeds in the broth cultures for 24 hours shortly 
before planting. 

EXPERIMENTAL RESULTS 

Germination and Cytology of Chlamydospores 
Chlamydospores of both Sorosporium synthemmae and Sphacelotheca 
panici-miliacei usually germinated by producing septate promyeelia with 
lateral sporidia ; however, in both species certain promycelial cells commonly 
produced hyphal branches instead of sporidia. Four-celled promyeelia 
generally were uncommon in both species. The type of germination varied 


z. Monosporidial cultures of Sphacelotheca paiiici-miliacei on potato-dextrose 
agar, showing a few cultural races. Note sectoring in the two cultures at left. 

greatly among clilamydospores of the same eolleetion, as described recently 
by Kernkamp and Petty (14) for IJstilago 
ences in the type of germination were 


zeae. No distinguishing diifer- 
observed between chlamydospores of 
8. synthensmae from Paniciim and those from Cenclirus, although Norton 
(16) observed such differences in the collections with which he worked. 

Harper’s iron-alum haematoxylin technique 'was used (8) for studying 
the nuclear condition in the chlamydospores and sporidia. The chlamydo- 
spores, promycelial cells, and sporidia of both species w^ere uninucleate (Pig. 
1). Attempts to find meiotie figures were unsuccessful, but, since the writer 
observed that the very young ehlamj^dospores are binucleate, and that in- 
.teetion occurs only when certain combinations of monosporidial lines are 
used in the inoculations, he assumed that the nuclear condition iii these two 
smut fungi is similar to that in others, as repoided by Wang (22) and others 
(see 3) . That is, the sporidia normally are haploid and potentially gametic, 
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a dieary otic condition is initiated at the time of infection, the diploid nucleus 
is formed at the time of maturation of the chlamydospore, and reduction 
division occurs when the chlamydospore germinates. The fusion of sporidia 
of opposite sex under cultural conditions, which is common in many of the 
smut fungi (see 3), w’as not observed with any degree of certainty, althouo'h 
repeated experiments over a wide range of conditions w’-ere made. However 
sporidial fusions in Ustilaga zeae have been seen but rarely, also (20). 

Cultural Paces, Mutation, and Intraspecific Hybridization 

Approximately 150 monosporidial cultures of Sorosporium syntherkmae 
from Panicum capillar e, 130 of 8. syntherismae from Cenchrus pauciflorus 
and 120 of Sphacelotheca- panici-mUmcei from Panicum miliaceum were iso- 
lated. All of these isolates were grown on potato-dextrose agar and on two 
per cent malt agar in 250-ee. Erlenmeyer flasks. There were many cultural 
races in each species, and sectors frequently appeared in monosporidial iso- 
lates, as illustrated in figure 2. Such sector variants retained their dis- 
tinctive characteristics when transferred to other flasks of agar, and could 
be maintained thus. Sectors often appeared in cultures that had originated 
from a mutant. Johnson, Kodenhiser, and Lefebvre (11) recorded a muta- 
tion in P. synthensmas, in which the mutant appeared in the form of buff 
sori on fall Panicum, 

A comparison of the cultural characters of monosporidial isolates of 
borosporium syntherismae from Cenchrus pauciflorus with isolates of the 
same species from Panicum capillare showed that the isolates from certain 
collections from^ C. pauciflorus have a tendency to be somewhat different 

from those obtained from P. capillare, although this was not true for all 
eoliections. 

Cultures obtained from single sporidia isolated from ehlamydospores 
produced by crossing two monosporidial lines that originated from the pro- 
myeelium of the same chlamydospore, differed strikingly in their cultural 
characters on potato-dextrose agar. Furthermore, none of the fi sporidial 
lines was identical in cultural characters with either of the parental mono- 
spondial lines, although some of the f, lines resembled one or the other pa- 
rental line. That very few of the fj sporidial lines are identical with either 
ot the parental lines also is true in the case of Vstilago zeae (20) Thhs it 

3,7 factors governing cultural characters! and 

at the 7e7 ^combination of these factors, with segregation 

cit tiic time of reduction division. 

The Relative Pathogenicity of the Two Species 

tlu-n\Zl collections of Sorosporium syn- 

capillare and with 
T" mUiuceum. Inoculations were 

made soabng the seeds in a heavy chlamydospore suspension in water 

from ttK:‘I.^':,’:lamyarport• Ir 
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for 24 hours, then the seeds were filtered off, allowed to dry, and planted. 
The results of these inoculations are summarized in table 1. 


TABLE 1. — Percentage of smut^ produced on three species of grasses as a result of 
artifdal inoculation with Sorospormm syntherismae and Sphaoelotheca panici-miliacei 


Species of grass 
inoculated 

Source of inoculum used and per cent smutted plants 

S. syntherismae 
from Cenchrus 
pauciflorus 

S. syntherismae 
from Panicum 
capillare 

S. panici-miliacei 
from Panicum 
miliaceum 

Cenchrus pauciflorus ... 

1.8 

1.2 

0.0 

Panicmn capillare 

6.3 

8.7 

0.0 

Panicum miliaceum 

16.8 

12.6 

65.7 


a Percentage based on about 200 plants. 


Tlie percentage infection with S. syniherumae from either Ceiichrus or 
P. capillar e was very low in all the trials, particularly on Cenchrus. At- 
tempts to obtain better infection by controlling various environmental* fac- 
tors, such as temperature and moisture, were unsuccessful. Johnson, Eoden- 
hiser, and Lefebvre (11) reported good infection with 8, syntherismae on 
Panicum cUchotomiflorum Michx., but their methods w^ere ineffective when 
tried with the two hosts used in this study. 

Thus, Sorospormm syntherismae from either Cenchrus pauciflorus or 
Panicum capillare infected both of these species, and also Panicum milr 
aceum; Avhile Sphacelotheca panicumiliacei infected only P. niUiaceum. 
That 8. synthensmae attacks P. miiliaeeum had not been clearly demon- 
strated previousljT-. 

Inoculations with monosporidial lines and with paired combinations of 
monosporidial lines of both Sorospormm syntherismae and Sphacelotheca 
pamcUmiliacei demonstrated that only certain paired combinations were 
capable of causing infection,*'^ inoculations with other paired combinations 
and with individual monosporidial lines failed to cause infection. That 
paired combinations of opposite sex will cause infection, while paired com- 


TABLE 2. — Results of inoculating Panicum miliaceum with all ‘possible co 7 nbinations 
of eight monosporidial lines of Sorosporium syntherismae 
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+ = caused infection. 

- = did not cause infection. 


. . The criterion of infection as used here was tbe x>roduction of chlamydospores in tlie 
inflorescence or part of tlie inflorescence. 



574 


Phytopathology 


[VoL. 33 

binations of the same sex will not, is in accordance Avith the behavior of 
other smut species that have been studied (3). 

Eesults of inoculations with 8 monosporidial lines of Sorosporium syn- 
therismae in all possible combinations shoAA'ed the presence of 7 distinct 
‘‘compatibility groups” in these 8 lines (Table 2). With the exception of 
lines IDs and IE4 (alike in their ability to combine with other lines) each 
line differs in ability to combine with the other lines. Likewise, the results 
of inoculations with 4 monosporidial lines of Sphacelotheca panici-miliacei 
in all possible combinations demonstrated the pi’esenee of four compatibility 
groups in these four hnes (Table 3). The occurrence of more than tiyo 
compatibility groups in the smut fungi has been reported by several in- 
vestigators (2, 3) and such groups have been referred to as sex groups. 

TABLE Z.— Remits of inoculating Panieum milmcemn with all possible comlinatinno 
of fouv monospoTidtal lines of Sphacelotheca panici-miliacei 


IOC 

1 

2 

3 

4 

1 

0 

- 

- 

-1- 
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“* 
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+ 



4- 
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• + 
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+ - caused infection. 

“ = did not cause infection. 

Interspecific Hybridization 

Reports in the literature of the presence in nature of forms intermediate 
between syntherismae and Sphacelotheca panici-miMacei sug- 

gested the possibility of the occurrence of hybridization between the two 
spemes.^ Zundel (24) states in a note below- his description of 8. panici- 
mi laeet^ that certain collections on Panieum miliaceimi closely resemble 8. 
synthensmae. He states that these specimens have “larger, more irregular 
spores and, under an immersion-lens, often show- more or less evident Indi- 
cations of verruculations in their walls.” According to Winter (23), 
Pischer von Waldheim also observed such specimens and placed them in 
Avhat IS now called S. panici-miliacei. AVinter states: “Die Sporen sind an 
afien lun mir untersuchten Bxemplaren glatt, wahrend sie nach Pischer von 
AA aldhenn stachelig seiii sollen. ’ ’ Certain of these specimens may have been 
8. synthensmae as the present Avriter showed that P. miliaceum can become 
iwiected by this species. 

To test the possibility of interspecific hybridization between Sorosporium 
synUicrtsmae and Sphacelotheca panici-miliacei, experiments were made in 
w nch a monosporidial line of one species was mixed Avith a monosporidial 
me (.1 the other species, and the mixture injected into young grass seedlings 
y means of a hypoderinie syringe. Seedlings of Pameum miliaceum, \ 
os common to both species, and seedlings of Panieum capillare, a host of 
s syn hensime, were inoenlated with the interspeeific combinations. As 
> frols, seedlings were injected with each monosporidial line that entered 
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the combinations (Table 4). Certain of the interspecific combinations 
caused infection with the production of chlamydospores, while other com- 
binations and the single monosporidial lines did not. This indicated that 
hybridization had occurred between the two species. 

Inoculations with interspecific combinations then were made in which 
seeds of the White Ural variety of Panicum miliaceum were soaked in the 
various monosporidial combinations given in table 5 . Each paired combi- 
nation and each monosporidial line entering the combinations was used in 
inoculating lots of 175 seeds, each of which was then planted in two 9-foot 
rows in the field. The results of these inoculations are given in table 5. 

The results of the inoculations in the field were similar to those in the 
greenhouse in that certain of the interspecific combinations caused infection, 



SOROSPORIUM SYNTHERISMAE SPHACELOTHECA PANICI-MILIACEI HYBRID 

PiQ. 3. Sori in cross section and spores of Sorosporium syntheriamae, Sphacelotheca 
panici-miliacei, and the interspecific hybrid on Panicum miliaceum. 

while other combinations and single monosporidial lines did not. Twenty- 
three of the 47 interspecific combinations used in inoculating plants of 
Panicum miliaceum were compatible and produced mature chlamydospores. 
Pour of the 15 different interspecific combinations used in inoculating 
plants of Panicum capillar e produced mature chlamydospores on that host. 
This indicated that interspecific hybridization had occurred, and to confirm 
this, a study was made of the Pi chlamydospores and their progeny. The 
P 1 chlamydospores from certain of the crosses were used in inoculating P. 
miliaceum to obtain Pa chlamydospores and certain of these in turn were 
used in inoculating plants to obtain P 3 chlamydospores. The inheritance 
of several characters was studied. 

Inheritance of Characters in the Interspecific Hybrid 

Wall Markings of Chlamydospores. Numerous intraspeeific crosses 
(crosses between monosporidial lines of the same species) within both Soro- 
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sporkim syntherismae and Sphacelotheca pamci-miliacei were made, and in 
all eases those crosses within syntherwmae resulted in the production of 
verrueulose chlamydospores and those within 8. pamcumiliacei resulted in 
smooth chlamj^dospores. In all the interspecific crosses, the Fi chlamydo- 

TABLE 4 . — The results of inoculating pla^its of JPanicmn miliaeeum and Panieum 
eapillare with interspecific sporidial combinations of Sorosporium syntherismae y 
theca panici-miliacei in the greenhouse ^ 


Combinations 
S. syn. X B. p-m 

Panicum miliaeeum 

Panicum eapillare 

Number of plants 

Percentage 

smutted 

plants 

Number of plants 

Percentage 

smutted 

plants 

Inoculated 

Smutted 

Inoculated 

Smutted 

Ji X 5Aj 

32 

0 

0.0 

35 

0 

n A 

JsX ^ ^ 

105 

39 

37,1 

30 

4 

13 3 

X ^ ^ 

42 

0 

0.0 

36 

0 

A A 

J*x “ 

87 

36 

41.4 ■ 

37 

6 

16 2 

JcX " 

45 

12 

26.7 

30 

3 

io!o 

JiXSCa 

26 

0 

0.0 

18 

0 

fl A 

JaX 

22 

0 

0.0 

15 

0 

0 0 

J3X 

28 

0 

0.0 

14 

0 

0 0 

J4X 

31 

9 

29.0 

20 

0 

0 0 

J,x ” 

29 

8 

27.6 

20 

0 

0.0 

JiXSDi 

21 

0 

0.0 

16 

0 

0 0 

J3X '' 

20 

9 

45.0 

15 

2 

13 3 

JgX 

25 

0 

0.0 

19 

0 

0 0 

J4 X ^ ^ 

28 

7 

25.0 

21 

0 

0 0 

Jj X “ 

26 

8 

30.8 

22 

0 

o.’o 

Ji X lOCi 

29 

10 

34.5 




“ xlOC. 

18 

0 

0.0 




" xlOO., 

22 

3 

13.6 





“ xlOO, 

26 

' 1 

3.9 




JiiXlOCi 

22 

12 

54.5 




“ xlOC, 

20 

6 

30.0 




“ XlOOa' 

25 

4 

16.0 




“ xlOC, 

28 

0 

0.0 




Ji Ck. 

J- Ck. 

J., Ck. 

J* Ck. 

Ck. 

70 

77 

58 

79 

54 

0 

0 

0 

0 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

36 

30 

35 

33 

36 

0 

0 

0 

0 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

5Aj Ck. 

5Cs Ck. 

5Di Ck. 
lOCi Ck. 

54 

24 

26 

18 

0 

0 

0 

0 

0.0 

0.0 

0.0 

0.0 

31 

18 

22 

0 

0 

0 

0.0 

0.0 

0.0 

IOC2 Ck. 

16 

0 

0.0 




IOC3 Ck. 

18 

0 

0.0 




IOC, Ck. 

' 

22 

0 

0.0 





spores were verrueulose and somewhat similar to those of the 8. syntherismae 
parent (Pig. 3). 

Eighty-nine Fa sori from 3 interspeeifie crosses were examined micro- 
scopically, and the character of the spore walls recorded (Table 6). The 
ratio of son containing verrueulose spores to those containing glabrous 
. ports approdc res 3 .1, and thus it appears that the factor for verrueulose 
spores behaves as a simple dominant in this interspecific cross. This is in 
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accordance with other reports of interspecific hybrids between species of 
smut fungi having smooth and rough walls; i.e., the factor for roughness 
is dominant over that for smoothness (3, 9, 17), 


TABLE 5.— The results of inoculating plants of Tanicum miliacemn with intersvecific 
sporidwl comhtnaUons of Sorospormm syntherismae x SpJiacelotheca panici-miliacei in 


the field 


Combinations 
S. syn. X S. p--m 


xlOGi 

JsX 

J,x 

J 4 X 


Ji X lOCo 
JoX 

J,x 

J 4 X 


Ji X IOC3 


JoX '' 
J«x 

J 4 X 


Ji X IOC4 
JoX '' 
J»X 
J4X 


Ji X lOBi 
JoX '' 
J 3 X 
J 4 X 


JiXlODo 
JoX ' 
J 3 X 
J 4 X 


JiXlODs 

JoX 

J 3 X 

J 4 X 


Jx X IOD 4 
JoX 

J«x 

J 4 X 


Jx Gk. 
J 2 Ck. 
J 3 Ck. 
J 4 Ck. 


lOCx Ck. 
IOC 2 Ck. 
10C« Ck. 
IOC 4 Ck. 


lOBx Ck. 
IOB 2 Ck. 
IOB 3 Ck. 
IOB 4 Ck. 


I 


Total 


278 

261 

212 

221 


203 

166 

205 

188 


196 

180 

195 

160 


151 

137 

186 

173 


145 

192 

145 

183 


228 

212 

241 

166 


206 

226 

235 

214 


198 

171 

192 

184 


210 

165 

197 

235 


193 

240 

210 

212 


172 

183 

179 

205 


Number of panicles 


Smutted 


0 

0 

21 

0 


0 

38 

0 

90 


30 

0 

0 

0 


13 

0 

22 

0 


0 

163 

0 

66 


0 

121 

0 

92 


0 

178 

0 

133 


Percentage smutted 


0.0 

0.0 

9.9 

0.0 


0.0 

22.9 

0.0 

47:9 


15.3 

0.0 

0.0 

0.0 


8.6 

0.0 

11.8 

0.0 


0.0 

84.9 

0.0 

36.1 


0.0 

57.1 

0.0 

55.4 


0.0 

78.8 

0.0 

62.1 


0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 


Iiioeulation of plants of Pamcum miliaceum with smooth F 2 chlamydo- 
spores resulted in the production of sori that contained smooth spores; in- 
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TABLE 6 . — Segregation for spore wall marlcings in 89 F» sori from three inter- 
specif, c crosses between Sorosporiivm sy-ntherismae and Sphacelotheca panici-miliacei 


Interspecific 

cross 

S, syn, X S, p-m 

Number of sori 

Total 

With smooth 
spore walls 

With verruculose 
spore walls 

J4 X lODi 

23 

5 

18 

J4XIOC2 

28 

6 

22 

J2 X lODi 

38 

9 

29 

Total 

! 89 

1 i 

20 

69 


oculations with, verruculose F 2 ehlamyclospores resulted in the production 
of some sori with Yerruculose spores and others with both verruculose and 
glabrous spores. 

Attempts were made to mate the f 1 sporidial lines from the various inter- 
specific courses with the parental monosporidial lines used in making the in- 
terspecific cross. Each of the 65 fi sporidial lines obtained was paired with 
each parental line, and plants of Panicum miliaceum were inoculated with 
combinations. Although repeated experiments were made, only 4 of these 
paired combinations caused infection. Two monosporidial lines from cross 
22 (Sorosporium synthermnae J 2 x Sphacelotheca panici-miliacei lODi) were 
compatible with the 8 . panichmiliacei parent, and two other lines were com- 
patible with the 8 . syntherisma^ parent. The two crosses involving an fi 
sporidial line and a line from the Sorosporium parent resulted in the pro- 
duction of verruculose spores, as was expected; the two crosses with the 
Sphacelotheca parent yielded smooth spores. Numerous attempts were 
made to obtain a larger number of such crosses to determine whether the 
expected 1 : 1 ratio of verruculose to glabrous spores would result from 
crossing fi sporidial lines with the parental line from the Sphacelotheca 
parent. For some unknown reason, however, only 4 of the 130 paired com- 
binations caused infection. 

Size of Chlamydospores. The Fi hybrid chlamydospores from interspe- 
cific crosses were intermediate in size as compared with chlamydospores from 
intraspecific crosses in Sorosporium syntherismae and Sphacelotheca panici- 
miliacei, respectively, as is shown in table 7. The difierence in spore size 
for the two species, however, is small, and attempts to follow this character 
in the Fs generation were unsuccessful. , Nevertheless, it was possible to find 
the larger, smooth spores and also the smaller verruculose' spores in the F 2 


TABLE 7. The size of chlaniydospoi'es^ of Sorosporium syntherismae, Sphacelotheca 
panici-miliacei, and a hybrid between the Uoo species 


Snmt species or hybrid 

Bange in microns 

Average in microns 

Sorospori um syntherismae , 

8.4-12.GX 7.0-10.9 

7.0- 10.2 X 6.0-10.1 

7.0- 11.5 X 6.4-10.5 

9.8 X 8.5 

8.2 X 7.8 

8.7 X 7.9 

Sphacelotheca panici-miliacei . 

Hybrid {S, syn J^xS. p-m, 5 As) 


“ Two hundred chlamydospores of each species and of the hybrid were measured. 


m 
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generation of the interspecific crosses, while in the intraspeeific crosses the 
smaller spores (those of S. panici-milimei) are smooth and the larger spores 
(those of S. syntherismae) are verruculose. Thus it appears that the factors 
for wall markings and size of the chlamydospore are inherited independently 
in the interspecific hybrid, or, if they are linked, crossing-over occurs fre- 
quently. 

Germinatimi of Chlamydospores ajtd Viability of Sporidia. The Fj 
hybrid chlamydospores germinated by producing septate promycelia with 
lateral sporidia, as do chlamydospores of both parent species. There was, 
however, a difference among chlamydospores of both the smut species and 
the hybrid in the time required for germination. Two different interspecific 
hybrids were compared with the two parent species: the chlamydospores 
from the two interspecific hybrids required 10 and 11 hours for germina- 
tion, whereas those of Sorosporium syntherismae and Sphacelotheca panici- 
miUacei required 20 hours and 7 hours, respectively. 

Most of the interspecific hybrid chlamydospores germinated and pro- 
duced primary sporidia, a high percentage of which, however, failed to bud. 
In both parent species over 90 per cent of the single sporidial isolates de- 
veloped into microscopic colonies, whereas less than 10 per cent of over 700 
single sporidial isolates from the Fi hybrid chlamydospores developed into 
colonies. Many of the sporidia that were isolated gradually underwent lysis 
without budding ; others budded a few times, then underwent lysis, while a 
few others budded and developed into colonies. Not a single complete set 
of monosporidial cultures from a hybrid chlamydospore was obtained,, even 
though over 100 such complete sets were isolated. This low viability of 
sporidia from interspecific crosses in the smut fungi has been reported 
previously (9, 10), and it appears to be a type of hybrid sterility. Sporidia 
from the Fa hybrid chlamydospores did not undergo lysis. 

Pathogenicity. The interspecific dicaryophytes, i.e., those diearyophytes 
that arose from the union of a haploid line of one species with a haploid line 
of the other, attacked both Panicum miliaceum (a host of both species of 
smut) and Panicum capillare (a host of Sorosporium syntherismae only). 
Thus the interspecific dicaryophyte had the combined pathogenic capabilities 
of both species of smut. 

The interspecific diearyophytes originating from different monosporidial 
combinations differed strikingly in their ability to produce smut on the 
White Ural variety of Panicum miliaceum when inoculated in the field (See 
Table 5 and Fig. 4). The percentage of smutted heads produced by the 
different diearyophytes ranged from 8.6 per cent ( Jj x IOC4) to 84.9 per cent 
(J2 X lODi). (See Fig. 4.) 

Experiments in the greenhouse in which 6 varieties of Panicum miliaceum 
were inoculated with 6 interspecific combinations confirmed these differences 
in the pathogenicity of different interspecific diearyophytes. The results of 
a series of inoculations in the greenhouse are given in table 8. The dicar- 
yophytes arising from combinations J-^ x lODi, JgX lODa, J2XIOD3, and 
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J2 X lOCo produced tlie highest percentage of smut on all the varieties - the 
other two dicaryophytes produced a relatively low percentage or no smut 
depending on the variety. The varieties Early Fortune and Brown Ottawa 
were resistant to all the dicaryophytes, the highest percentage of smut pro- 
duced on these 2 varieties being between 10 and 15 per cent by the diearyo- 
phytes that -were the most pathogenic on the other varieties. 

^ It is not surprising to find such great differences in. the pathogenicity 
of interspecific dicaryophytes, however, because such differences have been 
reported in intraspecific dicaryophytes of certain other smuts (3, 19, 20) 


X IOCe 



vJ^ X lOD. 


PERCENTAGE OF SMUTTED HEADS 

hr Pl-»fveed on the White Ural variety of Pmkmm mMmeeum 

in th^field ^ dicaryophytes of Sorosporium syntherismae x SpMcelotheca panici- 

Bie differences m the pathogenicity of dicaryophytes are important in classi- 
fying varieties as to resistance or susceptibility to smut. For example, 
'varieties of Paniciim mikmeum would be classed as resistant to interspecific 
dicaryophytes if their reaction to the 2 combinations Ji x IOC3 and J3 x lOCi 
only was considered; but these same varieties would be classed as very sus- 
ceptable on the basis of their reaction to the combination J2 x IOC2 (Table 8). 

Other Characters. ^ The Fa interspecific hybrid was intermediate between 
the two parent species in spore arrangement and also in type of sori (Fig. 3) . 

- he spores of the Fi hybrid were somewhat loosely grouped but not in 
cehnite spore-balls, those of the Sorosporium parent were arranged in defi- 
ni e la s while those of the Sphaeelotheea parent were single. The 
1 1 ybrid wei‘*e ovoid to elongate and certain ones had rather 

in e ciiitra eolinnellae, while others did not ; the sori of the Sorosporixnn 
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parent were elongate and had no central columella; the sori of the Sphaeelo- 
theea parent were ovoid to spherical and had definite central columellae. 

The cultural characters of the fi sporidial lines from interspecific cross 
20 (Sorosporium syntherismae J ^ x Sphacelotheca paniclmUimei SAs) were 

. 8.— Percentage of smut produced ly six different interspecifie sporidial oom- 

hinations of Sorosponum syntherwmae x Sphaeelotheea paniei-miliacei on six varieties of 

Panic'iim miliacemn in the greenhouse ' ^ 


Variety 

Interspecific 

combination 

8. sy 71. X S. p-m. 

No. plants 
emerged 

No. plants 
smutted 

Percentage 

smutted 

plants 


Jq X lODi 

46 

32 

69.6 


Jg X lODo 

52 

24 

46.2 

White 

Ural 

Jo’X IOD3 

J3 X lOGi 

Jo X lOCo 

40 

45 

42 

23 

1 

35 

57]9 

2.2 

83.3 


X lOCl 

34 

6 

12.2 


Check 

54 

0 

0.0 


Ja X lODi 

52 

6 

11.5 


Ja X lODo 

41 

3 

7.3 

Early 

Fortune 

JaXlODa 

JgX lOCi 
JoXlOCo 

64 

49 

46 

6 

0 

6 

9.3 

0.0 

13.0 


Ji X lOC; 

41 

1 

2.4 


Cheek 

44 

0 

0.0 


JaXlOBi 

56 

44 

78.6 


Ja X lODo 

55 

39 

70.9 

Black 

Ja X lODjj 

83 

54 

65.0 

Voronezh 

Jg X lOCx 

81 

12 

14.8 

Jg X lOCo 

66 

48 

72.7 


Ji X lOCg 

62 

12 

19.3 


: Cheek 

"SO 

0 

0.0 


Ja X lOBj 

60 

8 

13.3 


Ja X lOBa 

47 

6 

13.6 

Brown 

Ja X IOB3 

53 

5 

9.4 

Ottawa 

J }} X lOCi 

73 

0 

0.0 

Ja X lOCo 

49 

7 

14.3 


JiXlOCg 

57 

0 

0,0 


Cheek 

63 

0 

0.0 


Ja X lOBi 

48 

18 

37.5 


Ja X lOBa 

55 

19 

34.5 

Bed 

Ja X IOB3 

48 

20 

41.6 

Turghai 

Jg X lOCi 

Ja X lOCo 

43 

51 

0 

33 

0.0 

64.7 


J1XIOC3 

54 

3 

5.5 


Check 

45 

0 

0.0 


JaXlOBi 

44 

44 

100.0 


Ja X lOBo 

32 

27 

84.4 

Early 

J2X10B3 

37 

29 

78.8 

Manitoba 

Jg X lOCi 

40 

6 

15.0 

Ja X lOCo 

31 

29 

93.5 


J1XIOC3 

34 

15 

44.1 


Check 

24 

0 

0.0 


"I 




compared with those of the parental lines. Certain characteristics of both 
parental lines were found in the fi lines, but no exact duplicate of either of 
the parents was found in the 18 monosporidial lines studied. This was not 
surprising, however, since parental types were not recovered from the intra- 
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specific crosses reported at the beginning of this paper. The 
types present in the lines studied are illustrated in figure 5, 


SXrLTflnd ijLcWSpaSterr cross between 

1 , r, and p resemble more closely the Sorosporium parent (JJ, and the 
es a, c, and t resemble more closely the Snhaeelotbeca r.aT-f>r,+ 
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Evidence of Hybridization Occurring in Nature 

Several experiments were made in which seeds of Panicum miliaceum 
were inoculated with a mixture of chlamydospores of both species of smut 
and with chlamydospores of each species individually. In one series of 
these experiments about 50 per cent smut (based on about 100 plants) was 
produced by each of the species and by the mixture of both species. Hybrid 
chlamydospores were found in two of the galls produced on plants that had 
been inoculated with the mixture. In both cases these hybrid spores were 
found ill galls that contained over 50 per cent smooth spores (those of 
SphacelotJieca pamci-miliacei) , and there was no question that they were 
hybrid spores. This is further evidence that hybridization between the two 
species of smut could easily occur in nature where the two smuts occur in 
the same locality. Kammerling (12) reported that he found in nature a 
hybrid between TJsiilago longissima and U. longissima var. macrospora. He, 
also, was able to produce experimental hybrids between these two smuts. 

SUMMARY AND CONCLUSIONS 

The life cycle and nuclear condition in Sorosporiuni syntlierismae and 
Sphacelotheca panici-miUacei are similar to those of most smut fungi that 
have been studied ; the sporidia are haploid and potentially gametic, infec- 
tion occurs in the seedling stage of the host, the parasitic phase is dicaryotic, 
mature chlamydospores are diploid, and reduction-division occurs during 
germination of chlamydospores. 

Much the same type of variation occurs in both Sorosporium syntlierismae 
and Sphacelotheca pa^iichmdliacei as occurs in other smut fungi that attack 
graminaceous crop plants. There are numerous biotypes within each spe- 
cies, and new biotypes result from mutation and hybridization. 

The collections of Sorosporium syntherisniae and Sphacelotheca panici- 
niiliacei studied by the writer are definitely distinct species. They differ in 
type of sorus as w^ell as in size, arrangement, and markings of the chlamydo- 
spores. The writer has not collected intergrades between the two species, as 
reported by Zundel and others (24, 23), possibly because collections were 
not made over a sufficiently wide area. The results from cross inoculations 
with the two species demonstrated that S. panici-miliacei attacked only 
Pamcum miliaceum, which is in agreement with reports in the literature 
(1, 24) . But it was demonstrated that S. syntlierismae attacks P. miliaceum 
as well as Pamcum capillare. Neither Zundel (24) nor Barnhart (1) lists 
P. miliaceum as a host of 8 . syntlierismae, although Zundel does state that 
certain collections on P. miliaceum closely resembled /Sf. syntlierismae. Prom 
the writer ’s results it appears that the abnormal specimens of Zundel (24) 
and others (23) might have been specimens oi S. syntlierismae or hybrids 
betAveen this species and 8 . panici-miliacei. Chlam^^dospores of hybrids 
between the two species certainly fit the description of the abnormal s])eei- 
mens of these two investigators. Furthermore, hybridization readily oc- 
curred between the tw^o species under experimental conditions, some of 
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wliicli do not appear to be far different from conditions that migiit occur in 
nature. 

The interspecific hybrid between Sorosporkim syntherismae and Siyhace- 
loihecci panickMihocei was more or less intermediate between the two parent 
species in many characters, including type of sorus, size of spores, markings 
of the spore walls, arrangement of the spores, time required for germination 
of the spores, and pathogenicity. Size of spores and markings of the spore 
walls are controlled by different factors, which appear to be inherited inde- 
pendently. The factor for verruculose spore wmlls. behaves as a simple 
dominant over that for smooth spore walls. Fewer than 10 per cent of 
the fi hybrid sporidia were viable, which has been reported also for other 
interspecific crosses in the smut fungi (9, 10) . 

The interspecific dicaryophytes produced in the study were capable of 
attacking both Pamoum miliaceum and Panicum capillar e. Furthermore, 
there were marked differences in the pathogenicity of dicaryophytes arising 
from different interspecific combinations. Other investigators (3, 9, 10, 
12, 19, 20, 21) have emphasized the importance of interspecific, as well as 
intraspecific, hybridization in giving rise to neAV biotypes in the smut fungi. 

University Farm, 

St. Paul, Minnesota. 
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SEVERITY OP CURLY TOP IN TOBACCO AFFECTED 
BY SITE OP INOCULATION 

W. C. Price 

(Accepted for publication November 6, 1942) 

Evidence for passive immunization of tobacco (Nicotiana tabaciim L ) 
from the virus of sugar-beet curly top {Chlorogenus eutetticola H.) was 
reported by Wallace (20) in 1940. It was observed that grafting with 
cions from tobacco plants that had recovered from curly top transmitted 
only a mild disease, whereas the insect vector {Eutettix tenellus (Baker)) 
transmitted a severe disease from- the same source plants. Wallace con- 
cluded that the grafting process transmitted protective substances along 
with the virus, whereas the insect vector transmitted only the virus. The 
studies herewith presented dealt with the effect of route of infection on 
severity of curly-top symptoms in tobacco. In these it was found that the 
grafting process does not always transmit a mild disease from recovered 
plants and that the insect vector may transmit either a mild or a severe di.s- 
ease, depending upon the portion of the test plant on which it is allowed to 
feed. The results, therefore, do not support the antibody hypothesis, but 
rather indicate that the explanation for production of only mild symptoms 
by grafting must be sought elsewhere. 

REVIEW OP LITERATURE 

Of the many species of plants susceptible to curly-top virus, tomato 
(Lycopersicon esculenium Mill, and L. pimpinelUfolmm Mill.) and tobacco 
(Nicotiana tahacum) have been shown to recover from the acute form of 
disease produced by this virus. When curly-top virus is taken to tomato, 
it induces clearing of veins of the newly formed leaflets and severe curling 
and distortion of the youngest leaves; affected plants gradually wilt, turn 
yellow, and die within a few weeks after infection (4). It was observed by 
Lesley (7), however, that tomato plants in an advanced stage of curly top 
sometimes recovered, especially in late summer and fall. This recovery was 
probably due to the escape of portions of the tomato plants from the curly- 
top virus, since some of the new shoots from recovered plants later became 
severely diseased and since, , in one instance, exposure of a recovered plant 
to viiulileious insects resulted in development of severe curly top in this 
plant. A different type of recovery was observed by Lesley and Wallace 
(8) in plants of certain races of tomato. In some of these plants, relatively 
healthy shoots arose from the leaf axils and the plants then grew almost 
normally until maturity, although they showed mild symptoms of disease 
and continued to harbor the curly-top virus. In most instances, reinocula- 
tion ot the recovered plants failed to induce further svmptoms. In a few 

i-ases, however, recovered plants relapsed and suffered a second attack of 
curly top. 

, 58(i 
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Sugar-beet curly-top virus was first transmitted to tobacco by Severiii 
(13) in 1929. In 1936 Bennett and Esau (3) reported that tobacco plants 
infected with the virus showed a marked recovery from the initial disease, 
the new growth appearing healthy or developing only mild symptoms. The 
recovery was apparently due to a reaction on the part of the plant itself and 
not to an attenuation of virus. Wallace (19) confirmed the observations of 
Bennett and Esau and stated that the new, healthy-appearing growth may 
arise either from the axillary or terminal buds. He showed further that 
recovered tobacco plants may be grown from cuttings without again show- 
ing severe symptoms, even though reinoculated with the virus. This 
acquired immunity from curly top is thus similar to that observed in tobacco 
ring spot and certain other plant virus diseases (10) . 

Wallace (20) not only found, as previously mentioned, a difference 
between symptoms following insect transmission and those resulting from 
grafting with cions from recovered plants, but he also observed that the 
severity of disease induced by grafting was dependent upon the stage of 
infection of plants from which cions were taken. Severe symptoms devel- 
oped in healthy tobacco plants grafted with scions taken from plants 5 days 
after they had been inoculated with curly-top virus, mild symptoms were 
obtained on plants grafted with cions taken from plants exposed 20 days 
previously to viruliferous insects, and symptoms of intermediate severity 
developed when cions from plants inoculated 10 and 15 days previously 
were used. These results led to the conclusion that ‘‘the reaction leading 
to recovery took place at an early stage following infection and that it w-as 
completed or well advanced before the plants began to recover.’^ The 
results were thus taken as corroborative evidence that protective substances 
were transmitted from recovered plants by means of grafting. 

Still further evidence for the antibody hypothesis was reported by 
Wallace (21) in 1942. According to him, the clonal progeny of tomato 
plants that w^ere grafted wdth cions from recovered tobacco plants show^ed 
a high degree of protection from curly top when growm under field condi- 
tions. Such grafted plants, when reinoculated wuth curly-top virus, were 
either unaffected, mildly affected, or severely affected, depending upon the 
strain of virus used for reinoculation. Thus, while grafting with cions 
from recovered tobacco plants gave protection against the strain of virus 
originally used to inoculate the tobacco plants from which cions were taken, 
it did not give protection against other closely related strains of the virus. 

MATERIALS AND METHODS 

In the first attempts to transmit sugar-beet curly-top virus to Turkish 
tobacco, the virus either was not transmitted or failed to induce obvious 
signs of disease. The strain of virus available at that time was, therefore, 
not suitable for the purpose. Later, a strain that did induce severe syinp- 
toins in Turkish tobacco was kindly supplied by Dr. Wallace. This strain 
apparently is identical with the one with which he worked and has been 
used in all the experiments to be reported. 
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Turkish tobacco and tomato plants were, for the most part, grown in 
64iieh porous clay pots in a greenhouse held above 70° P. They grew more 
rapidly in the late spring, summer, and early fall than during the winter 
months, but the symptoms induced on them did not appear to be correlated 
with the season. The greenhouse was fumigated at frequent intervals to 
control insects. 

The leaf hoppers used for transmission of the sugar-beet curly-top virus 
were maintained on healthy or eurly-top-diseased sugar beets in a separate 
greenhouse or in a laboratory -window until placed on tobacco or tomato test 
plants. They were handled by means of a suction tube similar to that 
devised by Kunkel (6) and caged on the test plants or portions of them by 
means of celluloid cages similar to those described by Shapovalov (14). 
EutetUx tenelhis will feed and survive on tobacco only for about a day. It 
was, therefore, the practice in this work to place from 6 to 15 leaf hoppers 
on the test tobacco and tomato plants for one day and then remove them to 
sugar beets for at least a day before again using them for tobacco or tomato. 
In this way an infective colony could be used for a number of successive 
transmissions. 

Two types of grafts were employed. One was the cleft graft and the 
other will be referred to as a lateral graft. In the former type the cion 
consisted of a portion of the stem from 3 to 5 inches in length, with most of 
the leaves removed, and cut to a wedge shape on the basal end. For the 
stock vigorous plants were decapitated 6 or more inches above the soil level 
and the stub split wdth a sharp knife for a distance of about 2 inches. The 
cion was inserted into the split stem and the two bound together. A paper 
bag was then placed over the top of the plant and left on for 1 or 2 days. 
Ill the lateral graft the cion was a 1-ineh slice of stem, containing a bud, 
from which the pith had been removed or, in some eases, a section of stem, 
with leaves, from the top of a plant, sliced diagonally at the base. The 
cion was bound to a section of stem of the stock from which the epidermis 
had been removed or scarified. The binding material, ^ ^ Sterilastic, ’ ^ was 
removed or cut aw^ay after 2 or 3 weeks or w^as left on and allowed to 
disintegrate. 

DESCRIPTION OF SYMPTOMS 

The terms severe, mild, moderate, and moderately severe will be used to 
describe the symptoms obtained in tobacco in the experiments to be reported. 
These are relative terms used merely to indicate the degree of severity of 
symptoms. They refer to syndromes, which may be described as follows : 

Severe: The first sign of disease is clearing of veins in young, partly 
expanded, apical leaves. Ail the main veins become bright yellow and thus 
make the venation eonspieuous. Leaves showing this symptom usually curl 
upward at the basal edges. Leaves produced later turn downward from the 
edges. Usually 8 to 10 or more leaves show this downward curling, most of 
them without marked clearing of veins. The veins expand less than the 
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interveinal tissue giving the leaf a decidedly puckered appearance. Many 
of the leaves are about 1/20 their normal size and rolled into compact masses 
or balls. They frequently retain their normal green color - sometimes thev 
are even darker green than normal. Older leaves, those first affected oV 
those that were more fully expanded at the time they were invaded, mav 
yellow and die. Internodes are markedly shortened; a section of stem 1 
inch long may bear 5 or 6 leaves as compared with onl}'- 1 or less for the nor- 
mal plant. Thus, the apex of the plant becomes rosetted. The stem mav 
grow more on one side than on the opposite, curling downward or becomino- 
twisted and distorted. As the plant matures, the rosetted appearance mav 
become less marked due to some unfolding of affected leaves and leim-then 
mg of the shortened internodes, but the affected portions never appear nor- 
mal or even nearly so. Axillary buds sometimes are stimulated to grow 
but shoots produced from them remain small, become markedly curled and 
distorted, and_ often die. When the plant is infected late, the flower stalk 
may show similar symptoms. The flowers are bunched, the sepals crinkled 
or puckered, and the corolla misshaped. After a variable period of from 
1 to 3 months, an axillary bud or the terminal bud may send out a healthy- 
appeariug shoot. This shoot continues to grow and never shows the severe 
symptoms characteristic of the onset stage, although it may at- times produce 
leaves with mild clearing of veins, curling, or puckering. The plant has 
thus recovered from the acute form of the disease. 

MM: The symptoms first appear as clearing of veins, as in the severe 
tjpe, but the clearing usually is not so pronounced. The leaf edges curl 
upivard at the base. Leaves so affected may later curl downw'ard and show 
crinkling of the tissues between the lateral veins. They retain their normal 
color or may become slightly darker green than normal. Usually only 2 or 
3 leaves show such manifestations; they are reduced only slightly in size 
prhaps to | normal, and become more nearly normal as they mature The 
mternodes are not appreciably shortened and the plant does not assume a 
rosetted appearance. After the initial shock the new growth appears almost 
normal. It may often be differentiated from healthy growth by its slightly 

arker color and by the appearance of crinkled or puckered areas between 
lateral veins. 

Moderate and Moderately Severe: There are various gradations between 
the two extremes, mild and severe, of symptom expression. The number of 
leaves affected may vary from 2 to 15 or more. Affected leaves may be 
enr eel more than in the mild type but less than in the severe. Also the 
e; 3 iee of shortening of the internodes may vary. The terms moderate and 
moderately severe are used to indicate degrees of severity of symptoms 
between the mild and severe types. Whether the disease picture be classi- 
ec as severe or moderately severe, as mild or moderate, is a matter of judg- 
ment. An affected plant may be classified as moderate on one occasion and 
mild OT moderately severe, or even severe, on the next examination; that is 
■0 say, the plants may have become more or less severely diseased in the 
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interval between examinations. For this reason, affected plants should be 
examined at frequent intervals over a period of 2 or more weeks after they 
first show s 3 unptoms before being classified according to symptom type. 

EXPERIMENTAL 

Tests with Turkish Tobacco 

Symptoms Produced by Cleft-grafting with Cions from Newly Infected 
and from Becovered Plants. Turkish tobacco plants, grown in 6-inch pots 
to a height of 18 to 24 inches in one test and 12 to 16 inches in another, w^ere 
cut back to a height of about 8 inches and cleft-grafted either with cions 
from plants that had recovered from curly top or wdth cions from recently 
diseased plants (exposed 10 days previously to viruliferous insects). In 
the first test symptoms appeared on some plants 8 days after grafting but 
failed to appear on more than half of the plants wdthin one month after 

TABLE 1. — Symptoms produced in Turlkisli tohacco plants after cleft-grafting with 
cions from recently diseased and recovered plants 


Plant No. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 1 

11 

12 

Test 1 
»* ? 

1 j 

4-b 

+ 

444-4- 

444- 

444-}- 

44-14 

1 

4444 

4444 

4- 1-1 -1- 

4-44 



444 

4-4 

— 

+4-4-4 




4 1 - 1 

i 1 1 1. 1 

4-44 

4-4 

444 

4444 


T"r4"i' 

4- 

4444 

-1-4-44 j 

■444 

! +■ 

-F+44 

4-4- 

•f-}44 

4-4-44 

+ 

4- 

11 r 

4414 

444- 

4444 

l-rr'r 

JL 

4- 

+ 


.1.. 1 4 1 

i +-4+ 

Test 2 

R 

I) ! 

4-44 

4444 

4- ! 1 , 

44 


TT^TT 

Ti It 


aR, cions from recovered plants j B, cions from recently diseased plants ^ B, before 
being pruned backj A, after being x>runed back. 

b 44-H-, severe symptoms ; moderately severe symptoms ; 44, moderate svmptoms ; 

4-, mild symptoms ; no symptoms. 

grafting. The plants were therefore pruned back to the first bud or shoot 
above ground level and held under observation for another month. Plants 
in the second test were grown for a period of 6 weeks after grafting and 
observed for signs of disease at frequent intervals during this period. The 
symptoms produced in the two tests are summarized in table 1. The re.sults 
were unexpected, on the basis of what had previously been reported (20). 
There was no clear-eut difference between symptoms induced by the two 
types of cions, although there seemed to be a tendency for cions from 
recently diseased plants to induce somewhat more severe symptoms on the 
average than those from recovered plants. The failure of'many plants to 
show s>m])tomH at all was obviously due to the failure of virus to reach the 
growing tips where its effects could become apparent. If antibodies or pro- 
tective substances were transferred from don to stock, it would seem that 
the stock should be protected and show only mild symptoms. Since this was 
not the case, the results could not be construed as bringing evidence for the 
presence of such substances. 
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Plants that were cleft-grafted with scions from recovered or recently 
diseased plants usually developed more than one axillary shoot. In many 
instances diiferent shoots on the same grafted plant showed different symp- 
toms. While some shoots developed severe symptoms, others on the same 
plant developed none at all or only mild symptoms. 

On many occasions, tobacco plants that had fully recovered from a 
severe attack of curly top were pruned back and the axillary buds forced 
into growth. This growth in some eases appeared normal, hut in most 
instances it showed mild symptoms of curly top for a short time and then 
appeared practically normal. In no instance did severe eurly-top symptoms 
develop when fully recovered tobacco plants were pruned back. 

The behavior of one plant, number 7 of test 2, grafted with a cion from 
a recently diseased plant, is worthy of further comment. The cion made 

TABLE 2— Symptoms produced in Turkish tobacco plants after grafting laterally 
with cions from recovered and recently infected plants^ 
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a For explanation of symbols, see footnotes to table 1. Di, i)„, and D.., cions from 
plants 20, 15, and 10 days, respectively, after exposure to viruliferous insects. 


a quick union, with the stock and grew rapidly. Its growth apparently 
inhibited the production of axillary shoots, since these developed very slowly. 
The symptoms produced on the cion were at first severe, then became mild, 
and finally disappeared as the cion recovered. Six weeks after grafting the 
cion had grown to a height of 11 inches, most of it being composed of 
healthy-appearing foliage. Two shoots had grown from axillary buds at 
the base and both of these showed severe symptoms. The potential supply 
of antibodies in this recovered cion was indeed large as compared with the 
supply in a newly grafted cion. If such substances were present and 
capable of moving from one part of a plant to another, it is surprising that 
they did not inhibit the symptoms on the axillary shoots produced after the 
cion had recovered. It is to be inferred that such substances either were 
not present or, if present, were incapable of moving in this instance. 

Syni'ptonis Produced by Lateral Grafting with Gio7is from Newly 
Infected and from Becovered Plaaits. The possibility existed that the rapid 
growth of axillary shoots following cleft-grafting in some way may have 
overeoine the influence of any protective substances that had been trans- 
mitted through the graft union. The lateral graft, which does not stimulate 
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axillary buds to grow, was used in a series of tests with the results sum- 
marized in table 2. Here again the data indicated a slight difference 
between symptoms produced by grafting with cions from recovered plants 
and from recently infected plants. The difference, however, was not con- 
sistent and can possibly be attributed largely to chance. Moreover, it is 
apparent that many plants grafted with cions from recovered plants came 
down with severe or moderately severe symptoms, while a smaller number 
showed mild symptoms. It could not be concluded that the experiment 
demonstrated the movement of antibodies from cion to stock. 

Attem'pt to Isolate Mild and Severe Strains hy Selection. In contrast 
to the variable symptoms induced by grafting, plants inoculated by allow- 
ing viruliferous insects to feed on them invariably came down with severe 
curly top. Was this difference due to the transmission of antibodies by the 
grafting process or was it due, for example, to the presence of a mixture 
of virus strains in the inoculum? It could be reasoned that, following 
grafting, one or another strain might predominate fortuitously and tha^ 
on the other hand, the vector tended to select the more severe strain without 
entirely eliminating the others. To test this possibility, an experiment was 
designed to see whether or not severe and mild strains could be obtained by 
a process of selection and elimination over a period of time. 

Two plants from a previous experiment were selected as a source of 
cions; one had developed mild symptoms after grafting and the other had 
developed severe symptoms. Six cions were taken from each plant and 
grafted separately to Turkish tobacco plants. The cions from the severely 
affected plant produced severe symptoms in one stock and mild or moderate 
ones m the others; the plant with severe symptoms was selected for further 
grafting. The cions from the mildly affected plant produced mild symp- 
tmns in one plant, moderate symptoms in 3, and none in 2; the niildly 
affected stock was selected for additional grafting. This process was con- 
tinued until each selection had been passed through 5 successive transfers 
y grafting. At the end of this period there w'as no evidence that there 
had been a selection of strains from a complex, and the 2 isolates showed 
about the same variation in symptoms as they had in the beginning. This 
experiment, therefore, brought no evidence that the difference between svmp- 
toiiis produced following grafting and those following insect transmission 
could be accounted for on the basis of a mixture of virus strains. 

rr Position from Which Cions Were 

lakcn. While the data so far presented indicated a significant difference 
between transmission by grafting and by means of the insect, this difference 

hy no means so clear-cut as that obtained by Wallace (20). Moreover 
he re.s,dts with grafting were erratic; grafting with cions from reeentlv 
d eased or recovered plants might result either in a mild or a severe diseas;, 
o to predict ahead of time which result would be 

ttZt' J ® antibody hypothesis were to be secured, it was 

ce,ssaiy to obtain consistent results. What factors could account for the 




1943] 


Price: Severity op Curly Top 


593 


variation! Was it possible that different recovered plants or parts of these 
plants differed in their antibody content or in their ability to transmit anti- 
bodies to a plant on which they were grafted? An experiment designed to 
give an answer to the latter question was carried out on two different occa- 
sions. Eecovered plants were selected and 5 cions were taken from each, 
1 from the top of the plant, 1 from near the base, and 3 from intermediate 
positions. Each cion was cleft-grafted to a large healthy plant in a 6-inch 
pot. Table 3 summarizes the results obtained. The 5 cions from one 
recovered plant all transmitted a mild disease; the 5 cions from 2 other 
recovered plants transmitted a severe disease in each instance; the 5 cions 
from the other 13 plants transmitted severe, mild, or intermediate symp- 
toms indiscriminately. There appeared to be no correlation between cion 


TABLE 3 . — Symptoms produced in TurTcish tohacco plants after cleft-grafting with 
cions from different portions of recovered plants^ 



position and type of disease transmitted. It was concluded that some as yet 
unknown factor was responsible for the variation observed. 

Bate of Appearance of Symptoms after Grafting, It has been shown by 
Bennett (1) and confirmed in the present work that from 6 to 15 days are 
required for curly-top virus to pass a graft union in Turkish tobacco. 
Under normal conditions the plant grows considerably in this period. 
Thus, the question arose as to whether the variation in symptoms observed 
might not be due to age or size of plant at the time of invasion by the virus. 
The daily records of time of appearance and severity of symptoms from 2 
experiments in which healthy Turkish tobacco plants were grafted with 
cions from recovered plants furnished a partial answer to this question. 
These I’ecords are summarized in table 4. There was but little correlation 
between severity of symptoms and time when the symptoms first appeared. 

It is of interest that when days after grafting wure plotted against the 
number of plants showing symptoms the data foilo\¥ed an S-shaped curve. 
Part of the variation in time of appearance of symptoms was undoubtedly 
due to the variation in time required for virus to pass the graft union; part 
was probably due to the variation in rate of upw^ard movement and distance 
traveled once the union wms passed. 
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TABLE 4. Time required for symptoms to appear in tobacco plants after arafthm 
With dims from recovered plants<^ y^f^Jiing 


.T)avs 

aitei 

graftiiLg 

when 

symptoms 

first 

appeared 


Symptom 

type 
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11 


12 


-H- 


13 


14 


+ 

+ 

+ 

-H- 

-H- 

-H-H- 


15 


16 


-H-f+ 

+ 
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+ 
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20 


4-H- 


24 


30 

or 

more 


4-| "f 
+ 
+ 
+ 


For explanation of symbols, see footnote to table 1, 


_ Insect Transmission to Large Plants. Additional evidence that varia- 
tion in symptoms was not due to age or size of plant at time of infection was 
Jtained by exposing large Turkish tobacco plants to viruliferous insects. 
Eighteen large plants, 6 of which were trimmed as though for eleft-oraftino' 
were exposed. Seven of the untopped plants and 3 of the topped oLs came 
dovm with severe symptoms, while 5 of the former and 3 of the latter failed 
to become infected at all. 

Old Plants. Still further evidence that age of plant has 
lit le nihuence on severity of symptoms was obtained by cleft-grafting 12 
old lurkish tobacco plants at a point between 2-| and 3 feet above the soil 
level. As usual, the symptoms varied with the individual plants. They 

wye severe on 6, moderately severe on 3, moderate on 1, and mild on 2 
plants. 

PHect of Forcing Grafted Plants into Rapid Growth. It was thou<-ht 
possible that there might be a difference between symptoms produced "by 
rapid-growing and slow-growing plants after grafting with cions from 


Test 1 
Foreed ... 
Not 
forced 

T(‘at 2 
Forced ... 
■Not 
forced 


Plant No. 
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^ or explanation of symbols, see footnote to table 
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recovered plants. To test this, stock plants were gro^wi in 6-iiich pots to a 
height of about 3 feet; half were then repotted in 8-inch pots while the 
remainder were left in 6-inch pots. All of the plants were cut back to a 
point about 12 inches above the soil level, then cleft-grafted with cions from 
recovered tobacco plants, and held for observation for 2 months The’svmp 
toms produced are recorded in table 5. There was no consistent difference 
between the symptoms produced on the two groups of test plants It could 
not be concluded that variation in symptoms of individual plants was corre- 
lated with variation in growth rate. 

Symptoms Produced when Viruliferotis Insects Were Fed on Various 
Portions of Turkish Tobacco Plants. As mentioned previously, when 

^mcUferous insects and on 


Test 


Insects on tip leaves ... 
Insects on single leaf , 

Insects on stem 

Grafted on stem 


Insects on tip leaves .... 
Insects on single leaf 

Insects on stem 

Grafted 
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For explanation of symbols, see footnotes to table 1. 

tobacco plants were grafted with cions from diseased or recovered plants 
6 days or more were required for virus to pass from the cion into the stock! 
During this period the grafted plants continued to grow and the terminal 
bud got further and further away from the graft union. Thus, in order to 
cause symptoms, it was necessary for the virus to move upward several 
inches at least. On the other hand, when transmission was by means of the 
msect vector, the virus might be introduced into tissues very near the o-row- 
ing point and thus might infect the growing point quickly. It has\een 
showii^ by Bemiett (2) that, while downward movement of the enrly-top 
virus IS rapid in tobacco plants, upward movement is slow. To compare 
the effects of insect transmission and graft transmission, it was necessary 
to keep theseyaets in mind. To draw conclusions from such a comparison 
it was essential that the conditions under which the two types of transmis! 
.sions were employed should be as nearly alike as possible. This could be 
ckne by delaying the insect feeding for at lea.st the minimum period required 
tor virus to cross the graft union and by confining the insects to a portion 
ot the plant at the same relative distance from the terminal bud as the graft. 
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A number of experiments were conducted in whicb this was done. In each 
experiment the plants were divided into groups. Viruliferous insects were 
alloM'ed to feed in the usual manner on one group ; they were confined to a 
single leaf 3 or 4 inches below the tip in a second group ; they were confined 
to a 2-inch portion of the stem 3 or 4 inches below the terminal bud in a 
third group. Another lot of plants was grafted laterally with cions from 
plants that had recovered from eurly top. The symptoms induced in the 
experiments are summarized in table 6. Plants exposed to viruliferous 



Pig. 1. Turkish tobacco plants infected with curly-top virus. The plant on the left 

^feeTon^ofstri Wh’ viperous insert" to fefd ofa 

ThmJi ^ . I I ^ ^ 3 inches below the terminal 

plant on the right, showing s^re sTmn- 
toms, was infected by allowing viruliferous insects to feed on its apical leaves 39 davs 
betore the photograph was taken. (Photograph by J. A. Carlile.) ' ^ 


wiseets in the nsnal manner either developed severe symptoms or failed to 
become infected at all. Those inoculated by grafting showed the usual 
variation in symptom expression. Three of the plants inoculated by insects 
ceding on a single leaf or a 2-inch portion of the stem showed mild symp- 
oiiis on 1 , j shoved moderate, 2 moderately severe, and 4 severe symptoms, 
while 24 either failed to become infected or failed to allow virus to move to 
le ip e ofe the plants had matured. The results obtained by confining 



1943] 


Price: Severity op Curly Top 


597 


the insects to portions of the plant well below the terminal bud were, there- 
fore, comparable to those obtained with the grafting process (Pig. 1). The 
conclusion to be drawn was obvious. If the insects were capable of trans- 
niitting either a mild or a severe disease, depending upon the portion of the 
plant upon which they fed, then it could hardly be reasoned that the insects 
transmitted only the virus, while the grafting process transmitted both virus 
and protective substances. That such substances may be produced in 
tobacco plants infected with curly-top virus is certainly a possibility, but 
the evidence available is not sufficient to justify the conclusion that they 
exist. 

Experiments with Tobacco Cions on Tomato Stocks 

Failure to demonstrate antibodies in tobacco plants grafted with tobacco 
cions led to a test of Wallace’s (21) conclusion that tomato plants could 
be passively immunized from curly top by grafting them with cions from 
tobacco plants that had recovered from the disease. Of 44 tomato plants 
grafted either terminally or laterally with cions from recovered tobacco 
plants, 29 became severely diseased. In many of these the symptoms were 
much delayed ; a few plants first showed symptoms when they had nearly 
reached maturity. In some, however, the plants were attacked early and 
promptly died. The remaining plants, 15 in number, failed to show symp- 
toms before they matured. The results with the grafted plants were com- 
parable to those obtained in plants infected by means of the insect vector 
and in those grafted with cions from diseased tomatoes. Of 27 plants 
exposed to viruliferous insects, 10 developed a severe disease and 17 appar- 
ently escaped infection. Of 34 plants grafted with cions from diseased 
tomatoes, 12 became severely diseased and 22 showed no symptoms what- 
ever. All the tomato cions died but apparently not before some of them 
made a union with the stock and transmitted the virus. 

It is of interest in this connection that Shapovalov (15) likewise found 
difficulty in getting diseased tomato cions to form a union with healthy 
tomato stock, and he was able to transmit the virus to only one of 13 plants 
approach-grafted to severely diseased plants. However, he did obtain 
transmission across the graft union in 67 per cent of the cases when the 
graft was made prior to or simultaneously with exposure of the cion to 
viruliferous insects. 

The reason for the discrepancy between the writer’s results with tomato 
and those of Wallace is not clear. It is possible that growing conditions or 
other environmental influences may have an effect on immunization of 
tomato plants by grafting with, cions from recovered tobacco plants. It ivS 
obvious from the above results that, of the 44 grafted plants, 29 not only 
w^ere not imniunized but actually succumbed to the virus introduced by 
•grafting. ■ 

The results of these experiments with tomato stocks, like those of experi- 
ments involving tobacco stocks, failed to bring evidence tending to justify 
an assumption that antibodies were produced by infected plants. 
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DISCUSSION 

The conclusion of Wallace (20) that tobacco plants acquire an immunity 
from the ciirly-top disease is supported by results obtained in this study • 
Turkish tobacco plants sutfering from an acute attack of curly top invari- 
ably recovered from the disease but did not lose the virus. They did not 
again develop severe symptoms when pruned back or reproduced by cuttino's 
and forced into rapid growth. Eeinoculation of recovered plants either by 
means of insects or by grafting did not induce further symptoms in them 

On the other hand, the wmrk here reported does not support Wallace's 
hypothesis that protective substances are transmitted from recovered to 
healthy plants by grafting. Indeed, no direct evidence was obtained that 
such substances are produced at all by affected plants. The fact that either 
a mild or a severe type of disease resulted from insect transmission, depend- 
ing upon the portion of the plant on which the insect fed, clearly indicates 
that the mild symptoms induced in some plants by grafting with cions of 
recovered plants was due to the point of inoculation, not necessarily nor 
probably to antibodies that might have been carried by the cion. 

What then is the true explanation for the production of mild symptoms 
in some plants and severe symptoms in others after grafting with cions 
from recovered plants? It is possible to derive an hypothesis that fits the 
known facts much better than the antibody hypothesis. When the insect 
vector feeds on tissues near the growing point, it injects a relatively large 
quantity of virus into or close to those parts of the plant that are subject 
to malformation ; that is, into immature or embryonic tissue. The virus has 
only a short distance to travel and it arrives in quantity before the tissues 
have an opportunity to set up a defense against it. On the other hand, when 
the virus is introduced into a plant some distance below the growing point, 
either by means of the vector or by grafting, it moves upward slowly and 
apparently with difficulty (2). Moreover, this movement is erratic, being 
more rapid in some plants than in others. If only minute quantities of 
virus reach the immature tissues in the terminal or lateral buds, these tis- 
sues aie able to set up a defense against it and thus be partly or completelv 
protected against the effects of additional quantities of virus to which they 
may be subjected. The completeness of the defense might depend upon the 
original dose of virus and the rapidity with which this dose is increased. If 
the original dose is large and quickly followed by increase, the tissues may 
be able only to overcome partly its effects. But, if the original amount to 
which the embryonic tissues are subjected is small and increase is slow, then 
they may suffer only slightly from its effects. 

The variation in symptoms produced by grafting with cions from recov- 
ered plants would thus be explained on the basis of variation in the quantity 
of virus that moved from the union to growing points of the plant. This 
variation in the quantity of virus that moved would explain why one axil- 
la ly shoot on a terminally grafted plant became severely diseased and 
anothei on the same plant showed only mild or moderate symptoms. 
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If it be assumed that tobacco plants recovered from curly top contain 
less virus than those that are severely diseased, as in the case of tobacco- 
ring-spot disease (9), then it is possible to explain the tendency for graft- 
ing with cions from recently diseased plants to induce, on the average, 
more severe symptoms than cions from recovered plants. The lower virus 
content in the latter ease would increase the probability that the growing 
point of the grafted plant would receive a smaller quantity of virus. Hence, 
there would be a greater probability that such plants would show less severe 
symptoms than those grafted with cions from recently diseased plants. 

There are few, if any, facts available on which to base a conjecture of 
the nature of the defense mechanism. By analogy with what is known about 
the nature of acquired immunity from virus disease in animals, the most 
obvious suggestion is that antibodies are involved. However, the mechanism 
may be of an entirely different nature, and the production of severe symp- 
toms in plants exposed, through grafting, to any antibodies that might pass 
a graft union tends, if anything, to indicate that it is. 

The correlation between the route of inoculation and the severity of 
symptoms produced in curly top of tobacco is analogous to the correlation 
between portal of entry of virus and severity of disease in many animal 
virus diseases. A few such cases will suffice for illustrative purposes. 
Theiler (17) was able to infect mice with yellow-fever virus by inoculation 
directly into the brain. Virus isolated from the brains of infected mice was 
extremely virulent for mice when inoculated intracerebrally and usually 
resulted in death. The same virus inoculated subcutaneously, intrader- 
mally, intramuscularly, or intraperitoneally seldom resulted in illness or 
death but often produced an immunity from a subsequent intracerebral 
inoculation. The mouse-passage strain of virus was low in virulence for 
monkeys. Sellards (12) reported that, when this strain of virus was intro- 
duced intraperitoneally into monkeys, it caused no ill effects but immunized 
the monkeys against a typical strain of yellow-fever virus. On the con- 
trary, inoculation of the same virus into the brain of monkeys resulted in 
paralysis and death within a few days. It was shown by TenBroeck and 
Merrill (16) that rabbits usually were killed by intracerebral inoculation 
with the eastern strain of equine encephalomyelitis virus, but that rabbits 
given intracutaneous or subcutaneous injections of the same virus usually 
recovered and became immune from intracerebral inoculation. According 
to Rivers and Sehwentker (11), large amounts of psittacosis virus could be 
introduced intravenously and intramuscularly into monkeys without caus- 
ing serious ill effects, but only small amounts of the same virus intro- 
duced intratracheally were required to produce psittacosis pneumonia. It 
was reported by Traub (18) that intracerebral inoculation of mice with the 
virus of lymphocytic choriomeningitis usually resulted in convulsions fol- 
lowed by death, but that inoculation with the same virus by the intranasal, 
intraperitoneal, or intracutaneous route not only failed to cause death but 
resulted in an immunity often associated with persistence of virus. King 
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(5) has stated that the effect on mice of a fixed strain of equine encephalo- 
myelitis virus — that is, one passed serially through the brains of pigeons 

was dependent upon the route of inoculation. He listed these routes accord- 
ing to their effectiveness in the following descending order: intracerebral, 
intraocular or intranasal, intravenous, intraperitoneal, intramuscular, 
subcutaneous. 

Because of the difference in the structure and physiology of plants and 
animals, this apparent similarity in relative effectiveness of different modes 
of inoculation between these animal virus diseases and curly top in tobacco 
may be superficial and of no particular significance. It is, however, sug- 
gestive of some fundamental characteristic or mechanism common to all 
these virus diseases, particularly when it is remembered that curly-top virus 
is confined almost entirely, if not entirely, to the phloem of diseased plants 
(1) and that all the animal viruses mentioned are specialized for some 
particular tissue or tissues within the animal body. 

SUMMARY 

Grafting healthy Turkish tobacco plants with cions from tobacco plants 
recently infected with sugar-beet curly-top virus resulted sometimes in 
severe symptoms, sometimes in mild symptoms, and sometimes in symptoms 
of intermediate severity. Similar results were obtained when tobacco plants 
were grafted with cions from tobacco plants that had recovered from curly 
top. On the average, cions from recently diseased plants caused somewhat 
more severe symptoms than cions from recovered plants, but the difference 
was not consistent. 

Grafting healthy tomato plants with cions from recovered tobacco plants 
resulted in production of severe symptoms, usually ending in death, or in 
complete absence of symptoms. In the latter case the virus either failed to 
pass the graft union or failed to reach the growing points of the grafted 
plant. 

The variation in symptoms occurring in tobacco plants grafted with 
cions from recovered plants could not be accounted for on the basis of 
variation in plants or plant position from which cions were taken, of inter- 
action of virus strains, of age of test plants at time of infection, or of growth 
rate of inoculated plants. There was but little correlation between severity 
and time after grafting when the symptoms first appeared. 

The severity of symptoms induced in Turkish tobacco plants by sugar- 
beet curly-top virus after infection by means of the insect vector was depen- 
dent in part upon the portion of the plant on which the vector fed. Severe 
symptoms were invariably produced when the vector fed on tissues near the 
growing point, but frequently only mild or moderate symptoms resulted 
wiien tlie bisect was confined to single leaves or portions of stem well below 
the growing point. Transmission of the virus to old tissues by the insect 
vector was thus comparable to transmission by grafting with cions from 
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recently diseased or recovered tobacco plants. These results leave doubt 
that any protective substances are transmitted through the graft union 
Department op Animal and Plant Pathology, 

The Eockepeller Institute for Medical Research, 

Princeton, New Jersey. 
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COMPARISON OF CERTAIN MERCURY AND NON-MBTALLIC 
DUSTS FOR CORN SEED TREATMENT^ 

P. E. Hoppe“ 

(Accepted jfor publication October 7, 1942) 

The limitations on the civilian use of mercury necessitates an evaluation 
of non-metallic seed treatment dusts as possible substitutes for the mercury 
compounds in common use. The writer reports herein the results of lab- 
oratory and field experiments comparing the relative effectiveness on corn 
of the following seed disinfectants.- Spergon (tetrachloro-para-benzoqui- 
none), Thiosan,'* (50 per cent tetramethyl thiuramdisulphide), New Im- 
proved Semesan Jr. (ethyl mercury phosphate, 1 per cent), and Barbak D 
(mercuric phenyl cyanamide, not less than 6 per cent). Barbak D differs 
from Barbak C (the corn disinfectant heretofore put out by the American 
Cyanamid and Chemical Corporation) in that it contains 2 per cent less of 
the mercury compound than the latter. 

LABOEATOET EXPERIMENT 

This experiment was designed to compare the seed disinfectants with 
respect to their fungicidal effects on DiplocUa zeae (Schw.) Lev., one of the 
commonest and most virulent of the corn seedling blight fungi.’ In these 
tests diplodia-rotted kernels were surface-sterilized by immersing for 10 
minutes in 0.46 per cent sodium hypochlorite solution, were dried Ld then 
dusted by dipping the kernels while held in forceps into the seed disinfec- 
tant. Excess dust was removed from the kernels. The kernels then were 
plated on slightly acidified potato dextrose agar in Petri dishes, one kernel 
per plate. The plates were kept at room temperatures and observations 
were recorded on the inhibitory effects of the various dusts as indicated by 
the amount and rate of growth of D. zeae from the corn kernels. 

RESULTS 

All dust treatments retarded growth of the fungus and some of them 
often nilnbited completely the growth of the fungus in the plates. Ranked 
in the order of their efficiency in retarding or inhibiting the fungus, the 
'rn? ' .r'’"’ Iniproved Seme.san Jr., Thiosan, Barbak D, and Spergon. 
The differences between the first 3 dusts mentioned were slight but Spergon 
was definitely inferior (Fig. 1). The experiment was repeated manv times 
with practically identical results. In all these tests Spergon invariablv was 

roau Crops and Diseases, Bu- 

ExiH-rinicnt Station ‘ Agriculture, and the Wisconsin Agricultural 

Crops and Diseases, Bureau of Plant In- 
the Duhav submitted, the writer has found 
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conspicuous in its relative inability to inhibit the growth of Diplodia zeae 
from the rotted kernels. 

^ A majority of the kernels in all the treatments eventually developed 
Biplodia zeae. The differences between treatments were mainly in decree 
of retardation. Throughout the experiment, which continued 10 days '"the 
percentage of kernels that remained free from the fungus was higher in 
those treated with New Improved Semesan Jr. than in those treated vdth any 
of the other dusts. 

PIEIiD EXPERIMENT 

Both diplodia-infeeted hybrid seed and nearly-disease-free inbred seed 
of dent corn were used in a field experiment. Unfortunately, the Bayer- 
Semesan Company’s non-mercury product, “DuBay” 1205-PP (Thiosan) 
was not included in the field trial since the writer had none in his possession 
at the time of planting*. 

A limited amount of seed that was 100 per cent infected with Biplodia 
zeae, with the degree of infection so restricted that the kernels were germin- 

/A?'? diplodia-infeeted and from nearly disease-free seed loU of 

corn f ollomng seed treatment with Spergon, Sarhah D, and nL Improved d. 


Type of seed 

Control 
not treated 

Spergon 

Barbak D 

New Imp. 
Semesan 

Biplodia-iiifeeted hybrid 

Per cent 
24.4 

79.8 

1 Per cent 
40,0 

85.4 

Per cent 
77.8 

82.1 

Per cent 
91.1 

84.5 

71 nearly disease>free inbreds 


able, provided excellent material with which to compare the dusts for ability 
to control seedling blight from seed-borne infection. This seed was obtained 
by a very careful selection of kernels from hybrid ears that had been artifi- 
eia ly inoculated with the fungus the previous season too late for complete 
ear rot development. The limited amount of the diplodia-infeeted seed 
available permitted only 45 kernels for each of the three seed treatments and 
tlie control. Bach of these lots was planted in a 5-foot row. 

^ The nearly disease-free seed consisted of 71 inbred lines of corn, obtained, 
le most part, from the seed stocks of the Wisconsin Agricultural Bx- 
penment Station. These 71 inbreds were each planted 50 kernels per 5-foot 

TvHm f “'^king 100 kernels for each inbred and a grand total 

of /lOO kernels for the inbreds for each treatment and for the controls. 

ihe experiment was planted April 18, 1942, at Madison, Wisconsin, 
aln ost a month earlier than the usual corn planting time for this location, 
i lanting was followed by a week of abnormally warm weather after which 
‘^^PPed and conditions became more favorable for seedling 
bi .gilt developmeiit. On the whole, condition^ were not so favorable for the 

disea.se as might be expected some years. 
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EESULTS 

Final notes were taken the first week in June when most of the seedlings 
had passed the 4-leaf stage of development. The data for stands for both 
the diplodia-infected and the nearly disease-free seed are given in table 1. 


Pig. 2. Differences in stand and vigor of corn seedlings following .seed treatment of 

ttiplodiji'infectecl seed with different dust disiiifeetants. Aj Barbak D. ’ B, New Improved 
SemesoiiJr. CVSpergon. P, Control. (Data in Table 1.) 

iSperji'oii nearly doubled the stand of the diplodia-infected control, but 
proved very inferior to the merenry dusts in controlling seed-borne infee- 
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tion. The differences between Spergon and the mercury dusts were actually 
greater than is indicated by the differences in stand. Most of the plants in 
the Spergon treated row were stunted and were found to have badly diseased 
mesoeotyls. The plants in the rows treated with Barbak and New Improved 
Seinesan Jr. were larger and relatively free from disease (Pig. 2). 

All treatments of the nearly disease-free seed resulted in slight increases 
in stand, but the differences among the three kinds of dusts are small and of 
doubtful significance. Spergon appears to have been as effective as the 
mercury dusts in protecting the seed from soil infection. 

DISCUSSION- OF RESULTS 

One cannot generalize broadly on the subject of seed treatments from 
the results of experiments as limited in scope as those described above. The 
data and observations are reported in the hope they will be useful in sup- 
plementing the results of experiments by other workers. 

The results obtained indicate promise for non-metallie dusts as possible 
substitutes for the mercury compounds. Those with Spergon indicate limi- 
tations in its usefulness in controlling seed-borne infection. It may have 
value, however, as a protectant dust for sound seed planted under unfavor- 
able conditions. As was mentioned previously, it is very unfortunate that 
the Bayer-Semesan Company’s non-metallie dust, “DuBay” 1205— PP 
(Thiosan), was not included in the field experiment. This dust was far 
superior to Spergon and about equal to the mercury dusts in the laboratory 
tests in inhibiting Diplodia zeae. 

Department op Plant Pathology, 

University op Wisconsin, 

Madison, Wisconsin. 


PYTHIUM ULTIMUM AND THE DAMPING-OFF OP COTTON 

SEEDLINGS^ 

0. H. Akndt 

(Accepted for publication October 3, 1942) 

Pythium %dtimum Trow^ has been repeatedly isolated from diseased 
cotton seedlings in a field of well-drained, light sandy-loani soil at Clemson, 
South Carolina. This fungus also has been isolated from a small number 
of diseased seedlings in other areas during periods of cool, rainy weather by 
the writer and by Weindling, et at. (5). These observations on the associ- 
ation of weather conditions with the isolation of this fungus suggested the 
study of the relation of soil temperature to infection by this fungus as 
reported in this paper. 

METHODS 

Cultures of the fungus were obtained from seedlings with small lesions 
by washing them with sterile water and then placing the diseased portion 
of the hypocotyls on raisin-oatmeal agar, adjusted to pH 5 with KH2PO4. 
Bacteria were eliminated from the cultures by making several successive 
hyphal-tip transfers from rapidly growing mycelia. Three isolates were 
used in the experiments. As they all showed a similar pathogenicity, no 
distinction between them will be made in the experimental data. 

The effect of soil temperature on the infection of cotton seedlings by this 
fungus was determined by growing the seedlings at temperatures of 18, 21, 
24, 27, and 30 degrees C. in soil-temperature tanks of the University of Wis- 
consin type. In each of the 25 x 50 cm. metal cylinders were placed 9 kg. 
of a steamed, light sandy-loam soil, which had a water-holding capacity of 
36 per cent. A holard of 60 per cent was maintained by adding water as 
needed. Before planting, a one-eighth sector of 4-day-old culture of the 
fungus grown in a 9-cm. Petri dish on raisin-oatmeal agar was mixed into 
the upper portion of the soil of each cylinder. A like amount of sterile cul- 
ture medium was added similarly to the cylinders in which the controls were 
grown. 

Acid-delinted seed of a strain of Cleveland Big Boll cotton (Marett^s 
5~5) were used. To assure that only viable, disease-free seedlings were 
used, the seeds were immersed for 2 minutes in per cent HgCl 2 in 50 per 
cent ethanol, then rinsed with sterile water, and germinated at 30 C. on 
sterilized, moistened filter paper in Petri dishes, until the radicles had 
emerged 2-3 cm. The germinated seeds w^ere placed, radicle end down, in 
21 regularly spaced holes, 1x4 cm., that had been punched into the soil. 
The holes Tvere then filled with soil and the surface was covered with 2 
medium-weight <liscs of asplialt-impreghated roofing paper to facilitate 

3 T<*chni(Nil contribution no. 88 from tlie Soutli Oarolina Agricultural Experiment 
Station. 

‘•i Acl<no\vl(‘(lgment is made to Dr. diaries Drechsler for the verification of this 
deternnnation. 
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maintenance of constant soil moisture and temperature. The discs wer 
removed from the cylinders as soon as the cotyledons began to emerge, which 
varied with the temperature from 40 to 160 hours (Table 1) after plantino- 
After the removal of the paper discs, the soil temperature at a deioth of 2 cm 
did not vary more than from the mean temperature. Nearer the surface 
the variation was greater depending upon the differences between the soil 
and air temperatures and the intensity of the sunlight. All percentages in 
the tables, unless otherwise noted, are based on the planting of 21 seeds in 
each of 6 cylinders. The weights of the tops, the roots having been cut off 
at the base of the hypocotyl, were used to determine the relative growth of 
the seedlings. 

EXPERIMENTAL RESULTS 

The results for one experiment in which the plants were grown in the 
greenhouse from March 21 to April 24 are given in table 1. During this 

. 1.— The effect of soil temperature on the emerqenee and dammnn.r^-fe 

cotton seedlings in soil inoculated with PytJiium ultiniuni " ^ 9 If of 


Soil 

temperature 

Total er 

nergence 

Seedlings 
killed drst 
14 days 

Seedlings after 30 days 

Relative 

to 

controls 

Time 

required 

Alive 

i 

Healthy 

Mean 
weights 
relative to 
controls 

^C. 

30 

27 

24 

21 

18 

15~30b 

Greeuliousec 

1 Per cent 
97a 

87 

77 

68 

38 

70 

50 

Hours 

40 

44 

60 

110 

160 

90 

160 

Per cent 

6 

45 

60 

83 

90 

65 

85 

Per cent 
94 

55 

40 

0 

0 

63 

30 

Per cent 
80 

10 

10 

0 

0 

0 

0 

Per cent 
97 

56 

55 

78 

31 


uu xux Hours auring tlie clay and 15° at niP'ht 
ture tS. “ ’’“ch. Containers similar to those nld in constant tempera- 

e Estimated from plants removed after 14 days. Few lesions evident on the 30th day. 

period the ^dady minimum range of air temperatures w^as 10-18°, with a 
mean of 16 ; and the daily maximum range 20-37°, with a mean of 30° In 
this experiment at 30. 27, 24, 21, and 18 degrees C., the seedling emergences 
were, respectively, 3, 13, 23, 32, and 62 per cent less than in the controls at 
t le same temperatures, in which the emergences ranged from 93 to 100 per 
cent M hen the alternating periods of 12 hours each at 15° and 30° were 
nit 7 rf" “ r ^e, as shown in table 1, approximated that at 

ir i the greenhouse 

Ubm ! ®t'gtitly lower than at 21°. Fourteen days after 

n rev the cylinders at 27°'and 30° were reduced to 10 to 

were removed by random selection 

dise-is d „ d I to avoid a possible bias in the removal of 

d.sea ed and healthy seedlings. There were lesions on 20 per cent of these 
■soedlmgs grown at 30°, and on 90 per cent of those grown at U no 
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lings were removed from the cylinders at the lower temperatures, as the ’ 

number and size of plants w^as not sufficient to cause crowding. 

At 30° 6 per cent of the seedlings that emerged were killed within the 
first week; then, there was no further evidence of injury by the fungus. 

At this temperature 20 per cent of the liypoeotyls of the seedlings removed 
at the end of 14 days showed small superficial lesions. The injury was not 
sufficient to cause a stunting similar to that occurring at all lower tempera- 
tures. The degree of stunting of the seedlings is indicated in table 1 by the 
relative green weights of the seedlings in the controls and those in the inocu- 
lated cylinders. 

At 27° and the lower temperatures the fungus invaded the stele of the I 

hypocotyl and infected the roots, in contrast to the superficial lesions pro- I 

duced at 30°. All killing of the seedlings at 24° and 27° occurred within i> 

the first 14 days after planting, and all plants surviving after that i3eriod 


TABLE 2. — Injury to cotto7i seedlmgs hy Pytliiuni uUimum at soil teynperatures of 
27 20^ ; and also at 22° after initial groicth periods at 30° 


Soil temperature 
for successive 
growth periods 

Relative green 
weight of seed- 
lings grown in 
non-inoculated 
soil (controls) 

Weight of seed- 
lings in inoculated 
soil relative to 
seedlings in 
controls 

Percentage of i)lants 

Days 

With 

lesions 

Killed 

1-6 

7-12 

13-19 1 

°C. 

°C, 

°C. 

Per cent 

Per cent 

Per cent i 

Per cent 

30 

30 

30 

100 

97 

30 ' 

1 

30 

30 

22 

97 

81 

40 

1 

30 

22 

22 

94 

65 

65 

5 

22 

22 

22 

65 

20 

100 

80 

27 

27. 

27 

100 

63 

100 

16 


were growing normally at the end of the experiment. Only 17 and 10 per j i i 

cent, respectively, of the plants grown at 21° and 18° were alive after 14 
days, and all of these were d^ad at 30 days after planting. At all tempera- | 

tures the first evidence of severe injury was a wilting of the seedlings, fol- I 

lowed by their death within 2 or 3 days. ' 

After determining the relative pathogenicity of the fungus at the several 
temperatures, seedlings were grown for 6- and 12-day periods at 30° in 
inoculated soil and then transferred to 22° to study the interaction of the 
age of the seedling and soil temperature on infection by this fungus. Three , 

other sets of plants w^ere grown throughout the 19-day period at 22, 27, and J - 

30 degrees C. The atmospheric conditions dirring the growth of this series 1 1 

were much the same as in preceding series, except for a 3° higher mean mini- 1 1 

mum temperature. The percentages of seedlings infected and killed at the 1 1 

constant temperatures of 22, 27, and 30 degrees, table 2, were approximately 
the same as in the first series. In the inoculated soil a 10 per cent greater 
number of the seedlings grown for an initial period of 12 days at 30° and 
then transferred to 22° were infected than of those grown continuously at 
30°. There was also a 16 per cent greater reduction in the mean WT^ight of 
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the seedlings. The transfer of the seedlings to 22° after 6 days at 30° 
caused a further increase of 25 per cent in the number of infected seedlino-s 
and, as might be expected from the lower relative weight, many of the seed- 
lings were stunted. The stunted seedlings were making satisfactory growth 
on the 19th day and appeared capable of outgrowing the lesions and develop- 
ing into normal plants. Only 5 loer cent of seedlings grown for 6 days at 
30° and then lowered to 22° were killed as compared to 80 per cent of those 
grown continuously at 22°. 

In these experiments Pythmm ultmium produced a soft rot of the cortex 
of the hypoeotyl below the surface of the soil. The affected area was almost 
colorless to light-brown until the decay of the tissues had become well ad- 
vanced, when they became darker. The lesions in their initial development 
tended to involve the entire circumference of the hypoeotyl. In this respect 
they are similar to those produced by Bhizoctonia solani and differ fiom 
those produced by Colletotnclmm gossypii, which first appear as elono'ated 
sunken areas in the cortex of the hypoeotyl (5). Although the hyphte of 
P. nlhmiim were at first confined to the cortex, at 27° and the lower tempera- 
tures, the hyphae invaded the stele causing the wilting and death of the 
seedlings. This fungus did not seem to attack the roots until after the hypo 
cotyl had been well decayed. In the experiment in which the plants were 
grown for 30 days, all of the seedlings alive at the end of this growth period 
were developing normal tissue underneath the lesions and were apparently 
capable of developing into normal plants. The rapid recovery of the seed- 
ings from lesions produced by this fungus seems to indicate that it is strictly 
a seedling parasite of cotton. This is also indicated bv the fact that no 
evident stunting of the surviving older plants has been observed in the area 
ot the field in which the fungus had caused severe damping-off. Apparently 
It IS a more transient parasite on cotton than related Pytliium spp., which 
parasitize corn (3) and sugar cane (4). 

Harter and Whitney (2) have shown that Pytkium uUinmm grows 
equally^ well over a temperature range of 23-35° C., the rate of mycelial 
spread on apr falling off rapidly above 35° and somewhat less so below 23°. 
Consequently , if the rate of mycelial growth were the onlv factor involved 
the most severe injury to cotton seedlings should have occurred in these 
at 30° instead of at temperatures below 27°. Similarly, Harter 
o^n H AT f correlation between the relative rate of 

TAto ,t +1 T temperatures and its injury to the sweet 

r Te P A ^‘^“P^^^tures. Much the same situation has been found 
F or m ! rr P^^^sitize the roots of sugar cane and corn, 

ip p, ands and Dopp (4) found that the optimum for the growth 

found that the damge T 
IniuriATcoririAtnT^^ temperatures and at a high soil moisture content. 

“d of th. of P„,ki„ uUi. 

'"«»■ ooold to ,„d.cate that it ntay be a fre<,„ent, although probably 
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not an economically important, cause of the damping-off of cotton seedlings. 
Because of the -vvell-lmown possibility of inhibiting the growth of Pythium 
spp. by most of the fungicides used for the surface sterilization of' cotton 
seedlings before they have been plated on water agar for the determination 
of infecting fungi (5), it is not unlikely that a different technique might 
result in a more frequent recovery of this fungus from diseased seedlings. 

SUMMARY 

Pythium ultimum has been found to be a frequent cause of the damp- 
ing-off of cotton seedlings in one field in South Carolina when planting has 
been followed by cool, rainy weather. 

When cotton seedlings were grown at soil temperatures of 18, 21, 24, 27, 
and 30 degrees C. and a soil-moisture content of 60 per cent, this fungus 
caused little damping-off at 30°, but caused severe damping-off at the lower 
temperatures. All seedlings were killed at 21° and 18°. The results ob- 
tained when the seedlings were grown for 6 days and 12 days at 30° in inocu- 
lated soil and were then transferred to 22° indicate that this fungus will 
cause severe losses from damping-off only if soil conditions are favorable 
for infection before the seedlings have reached a stage of development com- 
parable to that reached in a growth period of 6 days at 30°. 
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PHYTOPATHOLOGICAL NOTES 

Freezing Preservation of Fungi and Fungus Spores. — The sporidia of 
Gymnosporangiiim jicniperi-virginianae and the conidia of Venturia in- 
aeqiialis haTe been used as test fungi in the method for evaluating fungicides 
for the control of apple scab and cedar-apple rust on potted trees in the 
greenhouse. Difficulties were encountered in maturing the cedar galls for 
early season work and keeping them throughout the year after spore dis- 
charge was complete in the field. As it was impractical to culture conidia 
of Venturia inaequalis in sufficient quantity for the experiments, the earlier 
investigations with this fungus were limited to unreliable sources of inoculum 
from the field. A new technique involving quick-freezing and storage of the 
galls and conidia at low temperatures has been found to provide a readily 


T 5 material as frozen and stored at -10° C. A. Cedar-airole o-alls 

B. Conidia of Venturia inaequalis. ^ ^ * 

available source of inoculum throughout the year (Fig. 1). It is thought 

that this procedure would be of interest to other workers interested in the 
storage of fungi. 

STORAGE OP GTMNOSPOEANGIUM JUNIPBRI-VIEGINIANAE 

^ Cedar galls, three-quarters of an inch and over in diameter, were selected 
with telial horns approximately one-half inch long when dry, placed in 
paraffined Dixie cups, and held at a temperature of -10° C. Excessive 
dehydratioii over a prolonged period is prevented by placing the cups in 
impor-proof metal containers. The galls are removed from cold storage to 
loom t(inp< ratuie about 12 hours prior to placing them in a mistv sprav in 
prqiaratKu, for spore discharge. The germination of teliospores' is not* im- 
paired by the freezing process. Galls have been first frozen at - 40° C., for 
a sliort time and then raised to -10° C., but this is not considered essential. 

612 ■ . . 
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Foliage tests have shown sporidia obtained from the frozen galls as viable 
as those obtained from galls taken from the field. The teliospores on galls 
held at - 10° C. for 9 months have functioned normally. It is of special 
interest that three spore discharges have been obtained from a given o-all 
that had been refrozen after each discharge. Viable sporidia have been 
obtained 15 months after the first freezing of such galls. Sporidia in water 
suspension have been stored at -10° C. and -40° C., but cannot be held 
longer than 3 Aveeks Avithout appreciable loss in AdabilitA'". 

storage op venturia inaequalis 

Concentrated aqueous suspensions of conidia of Yenturia inaequalis, 
washed from fresh fruiting lesions on foliage or fruit, are stored at - 10° C 
in paraffined Dixie cups. To preA^ent the spores settling to the bottom of the 
cups where they Avould be subjected to dehydration and consequent loss of 
viability during storage, it is necessary to prepare the cups AA’ith a layer of 
ice frozen in the bottom before the spore suspension is poured. The inocu- 
lum is obtained by chipping a portion of ice from the block, defrosting and 
diluting to the desired concentration. ’ 

Excellent germination of conidia frozen more than 15 months has been 
obtained. While the frozen conidia may be satisfactory for routine testing 
on glass slides or on the foliage, they are more readily inhibited by fungi- 
cides than fresh-borne conidia. In other words, the slope of the LD-50 line 
becomes steeper after the conidia have been stored for an appreciable leimth 
of time. 

The spore suspensions have been frozen at - 40° C. Avithoiit injury. 

This procedure has AA'orked equally well with the conidia of Sclerotinia 
frucUcola. Dr. E. P. Suit has had comparable results from freezing the 
conidia of Plasmopara viticola. — J. M. Hamilton and L. 0. Weaver, N. Y 
State Agricultural Experiment Station, Geneva, Nbav York 

“Bed Bing” of Tomato Stems Caused hy an Insect, Cyrtopeltis varians 
(Dist.), at Charleston, 8 . C.^— During August, 1941, a mirid, Cyrtopeltis 
mnans (Dist.)," (Pig. 1, C, D), formerly named Engytatus cje^iiculatus 
Eeuter, was observed associated AA'ith reddish-broAvn marks (Pig. 1, A) en- 
circling the stems and petioles of tomato plants. This condition ’avrs ob- 
served again from July to October, 1942, at the Eegional Vegetable Breeding 
Laboratory of the U. S. Department of Agriculture at Charleston, South 
Carolina. The injury occurred on the upper and youngest branches of the 
plants, and Avas most evident late in the picking season. It AA’as observed 
throughout the plots, occurring on such varieties as Eutgers, Marglobe Pan 
America, and Stokesdale, . - > 


SiuitlVcaroW Vegetable Breeding Laboratory, Charleston, 

, 1.0 ' and 1042 collections (E. and P. Q. No. T. C SOdSi were 

Pl nTt'nn '^ ^TT t’wcct Identification, Bureau of Entomologv and 
Itnit Quarantine, ITuited State.s Bepartnient of Agriculture, Washington, D. c! 
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The insect had girdled the stems with punctures approximately 1 mm 
deep. Soon after the injury, the marks were barely discernible; later thej 
turned reddish-brown and were usually raised above the normal surface oi 
the stems. Bending the stems or petioles often caused breakage (Pig. 1, B) 
This plant bug occurs throughout southern United States to Lower Cali- 
fornia, Mexico, Central America, Brazil, the West Indies, and the Hawaiiar 
Islands. It has been reported® as a tomato nest in Texas 


1 injury to tomato stems. A 

B, btem broken at point of injury. C and D. Insect 
proboscis extending back from lower part of head. A 

also evident at Charleston, suggesting t 
ened the stems at the points of injury, 
tomato pest in Georgia and Mississippi 
were given. 

In the Hawaiian Islands the insect 
sucking the juice from the developing 
the islands of Maui, ^ Oahu,' 

Jones, W. W, Tomato 
J. -Econ. Ent. 24: 327-328. 1931, 

^ Knight, .11. H. 

22 (1): 53. 1941. 

Tllingworth, J. F. 

Hawaii. Hawr' :i 

Hawaiian Eat, Soe. Pr 
7 (1): 11. 1928. 

7 (2): 271. 1929. 


may cause tomato-crop failures by 
ist ovaries.® It has been observed on 
and Kaiii* in addition to Haw^aii. No injuries 
vines injured by a Mirid (Efigyfattis genmdatus Reuter). 

The plant bugs, or Miridae, of Illinois. 111. Nat. Hist. Suit. Bull. 

Beuter—an important pest of tomatoes in 

amin Ent. Soc. Proc. 7 (2) ; 247-248. 1929. 
r rroc.7 (1): 
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resembling ^^red ring^’ were described in these reports, the principal injuries 
being to the flower parts. 

The Division of Truck Crop and Garden Insect Investigations, Bureau of 
Entomology and Plant Quarantine, has cited an unpublished note made in 
1940 by R. E. Campbell and J. Wilcox, located at its Alhambra, California, 
field laboratory as follows: 

A small bug, Cyrtopeltis varians (Dist.) is causing serious damage to tomatoes iu 
Orange County. The immature bugs cluster on the twigs i inch in diameter and less, and 
their feeding causes a brownish ring which girdles the twig and it usually breaks off. 

W. H. White of the above-mentioned Division has made the following 
comment : 

In a survey performed by Messrs. Campbell and Wilcox it was found that this mirid 
bug was very numerous in Orange, Los Angeles, and San Diego counties in southern Cali- 
fornia during 1940. It was generally believed by the growers that the insect was respon- 
sible for the poor setting of tomatoes. Although signs of feeding injury of this insect 
were evident and in many fields the blossoms and newly-set tomatoes had dropped from the 
plants in large numbers, no definite information was oljtained respecting the direct respon- 
sibility for the poor setting of the fruit. There was, however, a very evident relation 
between the number of these insects in a given field and the number of tomato fruits which 
set. 

No serious injury of tomato plants was evident at Charleston, perhaps 
because the insects attacked only stems and leaves instead of flowers. The 
fact that the ^ ‘ red rings ’ ’ might be mistaken for disease symptoms and that 
the insects might be vectors for some transmissible disease suggested this 
note on their occurrence. — George B. Reynard, Assistant Geneticist, Div. 
Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, U. S. 
Department of Agriculture, Charleston, S. C. 

Sotiihern Blight, Corticium rolfsii, of Potato Tillers.— Potato tubers, 
variety Sebago, infected with Corticmm rolfsii (Sacc.) Cnrzi, were observed 
when harvested in late May, 1942, in a field near Gainesville, Florida. In 
this field about 1 per cent loss of tubers was recorded. 

Infections caused by this fungus on potato plant stems have been ob- 
served annually in the Southeastern States and described from Florida by 
the writer.^ 

Other records^’ eoneerning this disease ineltide various descriptions 
of infected tubers and tops. Eddins" observed the disease in Florida and 

^ Weber, George P. Potato diseases and insects. Fla. Agr, Exp, Stat, Bull. 169 : 123— 
125.;, 1923. 

2 Edson, H. A., and M. Shapovalov. Parasitism of Sclerotmm rolfsii on Irish pota- 
toes. Jour. Agr. Ees. [IT. S.] 23: 41-46. 1923. 

Dykstra, T. P. Potato diseases and thcur control. IT. S. Dept. Agr., Farmers^ Bull. 
1881. 15-16. 1941., 

^ Higgins, B. B. Pliysiologv and parasitism of Sderothm rolfsii Sace. Plivtopath. 
17: 417-448. 1927. 

5 Link, G. K. K., and G. B. Bamsey. Market diseases of fruits and vegetables, pota- 
to(‘s. IT. S. Dept. Agr. Mise, Pub. 98: 46-48. 1932. 

*> McClintock, J. A. A tuber rot of Irish potatoes. Tenn. Agr. Exp. Stat. Circ, 32 : 
1030. 

" Eddhis, A. H. Diseases of plants in the United States. IT. S. Dept. Agr, Bur. Plant 
Indus. Plant Dis. Rptr. 25 : 354. 1941. Suppl. 119 : 241. 1939 ; Suppl. 128 : 290. 1940. 
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recorded resultant losses. The available informatioii. describing this tuber 
disease is so variable and incomplete that a detailed description should be 
useful. 

Suspected tubers^ incubated for 24 hours at room temperature, bore the 
characteristic mycelium of the fungus. Isolated diseased tissue on i3otato- 


Potato tubers infected with Corticiim rolfsii. A. Various stages of develoo- 

Tubers of secon'd 

<l.>xtrose-a!>:ar plates eharaeteristieally produced the fungus. Mycelium 
p dtu in coutdtt 'with uninjured tubers, and mature sclerotia inserted into 
iibm- wounds produced disease similar to that found in nature. The fol- 
lowing symptoms generally characterize the disease (Pig. 1). 





1943] 


Phytopathological Notes 


617 


Externally the smallest characteristic infection spots were 2 to 3 mm. wide, circular, 
slightly sunken with brownish margin diffused into surrounding tissue. Area within the 
margin abruptly paler, with a center speck, apparently a lenticel. These spots isolated, 
widely scattered or clustered, but not correlated with any part of tubers. As spots 
enlarged, surface became more noticeably sunken, uniform yellow to tan. Spots about 1 
cm. in diameter, gradually darkened as secondary organisms developed on surface. Fre- 
quently, tuber cortex surrounding these spots overgrowm by thin, more or less reticulate 
hyphal weft closely applied to surface. As disease advances, portions of the tuber col- 
lapse, producing soft areas, usually covered by cortex. Ultimate and extensive develop- 
ment of infection ends in rupture of cortex and usual disclosure of sclerotia, clustered, 
white to dark -brown, depending on maturity, uniformly spherical and small. 

Internally, the small rapidly developing young spots were shallow. As they enlarged 
and deepened the tuber flesh changed from a wet, firm, more or less transparent condition 
to an odorless, chalky white, opaque, cheesy consistency, losing its firmness entirely. In* 
vaded portion dried, shrinkage and collapse followed, forming cavities later filled wdth the 
white mycelum of the fungus. Sclerotia usually developed in these cavities. 

Tlie plot of dry, rather porous, sandy soil, where the diseased tubers were 
grown, had previously been devoted to vegetable crops and several of them 
had shoAvn frequent infection from this fungus. Previous observations have 
shown soil moisture the most important environmental factor affecting the 
development of the disease. During humid, rainy weather the fungus at- 
tacks plants at the soil surface, producing stem girdling and infection on 
aerial plant parts in contact with the soil. As the soil surface becomes dry 
the fungus appears to cause infection at successively lower levels. Often 
plants wilt because of stem girdling when to 1 in. dry mulch exists. In 
such instances the points of infection are an inch or more below rather than 
at the surface. Certain deep-set plants frequently cultivated and hilled up 
during extremely dry seasons have been attacked by the fungus on the main 
tap root more than 3 inches below the surface. This moisture relationship 
has been determined by repeated examinations and seasonal observations of 
Corticmm rolfsii and its pathogenicity on various wild and cultivated plants 
in Florida for a score of years. The application of this information here 
explains, in a general way, the current attacks on potato tubers. The dry 
season has apparently resulted in the development of the fungus at a deeper 
level in the vicinity of the tubers, resulting in their infection. — George P. 
Weber, Agricultural Experiment Station, University of Florida, Gainesville, 
Fla. 

A Culture Medium of Maize-meal and 8tarch Mush to Beplace Agar for 
Growing Fungi . — I have been using a culture medium to partly replace agar 
in some of my work that may be wurth suggesting for trial by others. Sup- 
plies of agar are difficult to obtain and a mixture of maize meal and starch 
was developed to replace routine use of large quantities of agar for some 
studies. The meal and starch are cheap, obtainable from grocery stores, and 
not likely to be curtailed by military necessities. In addition the mush 
medium has produced unique results in certain culturar studies. I have 
also used it with success as an acidified medium to isolate fungi from infected 
tissues. 

My f oimiulae and methods of preparation are as follows : 



3? IG. 1. Comparative growth in parallel cultures: Altemaria solani, on aear plate -4 


. * - * vu, ouvu/t-t/f Uli £tgar -tt 

and on mjuze-nieal and atareli-miish plate C; Fusarium hulhigenum var. lyeopersici on 
agar plate ^nfi on mush plate D. Agar is of ' ' differentiaP ’ formula (Wellman, F. L. 
Phytopatlp 32: ^-71-287, 1942) known to produce excellent growth of both organisms, 
^fiisli-medimn formula as given in present paper. 


When acidified plates are to be prepared, 4 drops of 25%, lactic acid are 
I>iit on top of the Blush before spreading and mixed in each dish at stage 3 of 
preparation. 

xMiish, after completing stage 2, may be thinned with about 10 per cent by 
volume of cold water. This thinner mixture can then be squeezed through a 



■Ml 
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tog^bore fuimd into w tabes, where it is stated by jolting cautiously ou 
the heel of the hand, plugged m the usual manner with cotton, autoclaved in 

a slanting* position, and cooled in a slanting rack. 

The mush medium is, of course, opaque, and has other disadvantages 
when compared with agar. It may not be so neatly prepared as some of the 
more transparent media. The operator can, however, become adept in its 

preparation and much culture work can be accomplished without benefit 

of agar. 

CuPures oi Alt ernaria solani (Ell. and Martin) Jones and Grout, and 
Fusanum lulUgenum var. lycopersici {Brnshi) Wr. and R. grow verv well 
on the mush medium (Pig. 1) and tests have shown that the cultures retained 
their pathogenicity. Other species of Fusariuni and Alternaria and species 
olBhizoctoma, CoUetotnchiim, Penicillium, Aspergillus, PytMum, as well as 

contaminating bacteria and yeasts, also have grown readily on the medium 

Feederick L. Wellman, formerly of Bureau of Plant Industry, now of 
Office of Foreign Agricultural Relations, IT. S. Department of Agriculture 
Washiiig:ton, D. C. ^ 

A Reflector Scale for Pleasuring Growth of Measurement of 

growth rate in certain microorganisms is a time-consuming process with 

X* LIGHT SOURCE 



transparent ruler 

V — GLASS PLATE - A 


Fig. 1. The reflector scale for measuring fungus cultures. 

danger of contamination and formation of secondary colonies when plates are 
isturbed foi periodic measurements. Recently, in connection Lvith a 
nutritional study of the effect of trace elements on various pathogens, sev- 
eral hundred agar plate cultures of various species of fungi were inoculated 
to Study mycelial growth rate. For a reliable growth curve it was necessary 
to record the average diameter at 8-hour intervals from 2 measurements made 
at right angles. For convenience and speed of measurement, and to avoid 

ill the 
tioii 
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iimieeessary disturbance and scattering of spores over the plate, the follow- 
ing simple apparatus was designed and built (Fig. 1) . It is a compact, box- 
like instrument with a top panel of glass that is scaled in millimeters. A 
cheap, movable, transparent ruler, inserted just beneath the glass, is satis- 
factory if the glass is not ruled. A mirror fixed in the base of the frame at 
a 30° angle reflects whatever is placed on the glass. A desk lamp is placed 
above the apparatus, so that its light shines through the Petri plates placed 
right side up on the glass. The mirror image of the fungus culture on the 
agar is plainly visible and the scale is easily read. The light above the plate 
facilitates accurate measurements of colonies with extremely fine mycelium 
and indistinct margins. 

The reflector scale may be used for fungus cultures in flasks as well as 
for eultures in Petri plates. — Philip Hamm, J. E. Mitchell, and David Got- 
tlieb, Division of Plant Pathology and Botany, Minnesota Agricultural 
Experiment Station, University Farm, St. Paul, Minn. 

Basp Leaf of Cherry. —In May, 1940, C. W. Neider, State Horticultural 
Inspector for northern Idaho, sent to the writer a few diseased cherry leaves 
from a tree in the city of Coeur d ^Alene. According to the owner the origi- 
nal sweet-cherry tree had suffered severe winter injury in 1935-36, and 
sprouts from the roots (mazzard) replaced the tree. No leaf abnormalities 
had been observed until 1940. The symptoms exhibited by leaves of this 
tree, and, subsequently, on experimental trees, gave rise to the term rujfled 
leaf by the writer, who at that time had seen no previous mention of this 
disease or its name in the literature. The characteristics of the disease in 
Idaho are regarded as identical with what Bodine and Newton designated 
as rasp leaf^ and Lott and MeLarty^ called leaf enation. Symptoms are 
illustrated in figure 1. H. E. McLarty sa\v the Idaho trees in 1942 and 
stated that the symptoms apparently were the same as those shown by his 
niaterial. The similarity in symptoms wms noted also by L. C. Cochran who 
had seen the Colorado rasp leaf condition. In the interests of uniformity 
and priority the name rasp leaf is preferred. 

Transmission trials started in August, 1940, showed by June, 1941, that 
in all but one or two eases, shoots produced by supposedly diseased buds did 
not even perpetuate the condition. On 2 mazzard seedlings, however, the 
sttxdv slunved mild symptoms ; but, inasmuch as leaf enations may sometimes 
be found on mazzard seedlings, the proof of transmission wms not convincing 
enough to warrant a statement on such a striking disease. In August, 1941, 
additional inoculation trials were made involving the use of young Bing 
tiees, Montmorency, and additional mazzard seedling trees and two types 
of inoculum: (a) buds from the axils of affected leaves and (b) buds from 
:izr) * Newton. The rasp leaf of cherry. Phytopath. 32; 333- 

stono beaf enatioii. (Iw Haiidhook of virus diseases of 

C V A M. Hildebimid, a H. Berkeley and D. 

Cation.) Mich. Agr. Exp, Btat. Mise. Pub, 01. 1942, . 
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of (^herry. A. Leaves from masczard elierry seedling on wliicli dis- 
|)laee<L B. L(‘aves from Bing cherry on which diseased buds had been 
on cion shoots showed even more distortion and leaf enations. 
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the axils of symptomless leaves borne on laterals of small branches that had 
some affected spurs. 

By May, 1942, there was convincing proof in the nursery plots at Moscow 
that transmission of the virus had actually been accomplished in 1940-41 
and symptoms were very pronounced in the second growing season. On 
Bing, on mazzard seedlings, and on Montmorency nursery trees inoculated 
in August, 1941, rasp-leaf symptoms showed on leaves growing near the 
point of insertion of diseased buds, although in some eases the buds had died 
during the winter. Trees inoculated with the (b) type bud wood showed 
no symptoms. 

The writer’s studies on rasp leaf of cherry in Idaho permit the following 
conclusions : 

1. The rasp leaf of cherry, caused by a virus, is transmitted readily by 
bud inoculation; has an incubation period of less than 1 year (9 months') 
rather than 1 year (if spring grafted), as reported by Lott and McLarty^ or 
2 years, as reported by Bodine and Newton.^ 

2. Mazzard cherry seedlings, Bing cherry, and Montmorency cherry 
showed rather typical rasp-leaf symptoms 9 months after budding in August. 

3. Observations supported by limited inoculation tests indicated that the 
rasp-leaf virus may be unevenly distributed in a host and probably moves 
rather slowly. 

4. Lasp-leaf symptoms may be exhibited by leaves on terminal shoots of 
mazzard seedlings that have been bnd-inociilated. 

5. At present, rasp leaf is of no commercial importance in Idaho and no 
natural spread is known to have occurred. The devitalizing effect of rasp 
leaf, however, indicated the potential seriousness of the disease. 

The widely separated areas in which rasp leaf has been reported— Colo- 
rado, British Columbia, and Idaho — raise the perplexing question of the 
origin and history of the virus.— Earle C. Blodgett, Idaho Agricultural 
Experiment Station, Moscow, Idaho. 


BOOK REVIEW 


Foster, Adriance S. Praotical Flant Anatomy. 155 p. D. Van Nostrand Co., Inc., 250 
Fourth Ave., New York. 1942. $2.50. 

Ill this inexpensive little book the Plant Pathologist finds an up-to-date presentation 
of the essentials of the subject of Plant Anatomy that he is likely to need. The graduate 
student in Plant Pathology will likewise find this book helpful because it covers the funda- 
mental aspects of the subject that he is expected to know, and does not require the study of 
a large volume of detail in order to obtain the desired information. 

Eeferences covering the most important literature are listed at the end of each chapter. 
These provide a rapid means of locating classic as well as recent important contributions 
on various aspects of Plant Anatomy.— T. E. Eawlins, Plant Pathology Division, IJniver- 
sity of California, Berkeley, California. 


623 


DEFINITIONS OP FUNGICIDE TBEMS^-^'^ 

The Amekican Phytopathological Society, Coaimittee on 
Standardization of Pungicidal Tests 

TOXICITY ; The abiliti" of an agent to interfere adversely with the vital processes of an 
organism by physico-chemical means, toxicant: An agent capable of exhibiting 
toxicity ; a poison. 

FUNGICIDE : A chemical or physical agent that kills or inhibits the development of fungus 
spores or mycelium. A toxicant for fungi, bactericide; A toxicant for bacteria. 
INSECTICIDE : A toxicant for insects, nbmatocide : A toxicant for nematodes. 
protectant fungicide: An agent that protects the plant or j)lant part from infection by 
killing, or by inhibiting the development of fungus spores or mycelium that may arrive 
at the infection court (8, 14). In case of • seeds— seed protectant, protective 
value: Measure of the ability of a protectant fungicide to prevent infection of the 
plant or plant part (7). 

DISINFECTANT (general usage) : An agent that kills or inactivates organisms on or within 
the plant or plant part, or the immediate environment. In case of seeds — -seed dis- 
infectant; soils — soil disinfectant, a more precise and logical dednitioii is to be 
preferred (1, 14), thus disinfectant (restricted usage): An agent that frees from 
infection by destroying the pathogen established within the plant or plant part. Co- 
ordinate with this restricted use there is disinpestant: An agent that kills or inacti- 
vates organisms present on the surface of the plant or plant part, or in the immediate 
environment. In the ease of seeds — seed disinpestant ; soils — soil disinpestant. 
eradicant fungicide: An agent applied to a plant, plant part or the environment to 
destroy fungi established within a given area of laud or plant (8). Eradicant fungi- 
cides may function as disinfestaiits, disinfectants or both. 
colloidal fungicide: a fungicide applied in the colloidal state, that is, made up of par- 
ticles exhibiting Brownian movement which stay indefinitely dispersed and are within 
tlH‘ range 0.2 to 0.005 p in diameter (4). 

FUMIGANT: A chemical toxicant employed in volatile form. 

FUNGICIDAL (general usage) : Pertaining to the ability of a fungicide to kill or inhibit the 
growth of fungi, fungicidal value: Measure of ability of a fungicide to kill or 
inhibit the growth of fungi (7). fungicidal (restricted usage) : Pertaining to the 
ability of a fungicide to kill fungi. In contrast (9) there is fungistatic: Pertaining 
to the ability of a fungicide to inhibit the germination of fungus spores or develop- 
ment of mycelium, while in continued contact. 
phytotoxic: Pertainmg to the property of killing or injuring plants, especially higher 
plants or their parts. Use in preference to phytocidal. 

1 Copies may be obtained from the Committee Ohairman, Boyce Thompson Institute, 
Yonkers, New York. 

2 Definitions from here on may he generalized by substituting toxicant for fungicide. 
In 1939 a Committee on the Standardization of Fungicidal Tests was appointed by 

The American Phytopathological Society. The general aims of the Committee are to 
improve tlie methods of testing fungicides in the laboratory and field through cooperation 
and standardization. 

Cooperative research is sponsored on the evaluation of various experimental designs, 
on the development of new methods, and in the correlation of field and laboratory results. 
Fungicide is defined in its broadest sense, and the methods include any phase in the test- 
ing other than chemical analyses. The procedure in standardizing is as folloAvs: A cer- 
taiii method^ is lirought to the attention of the Committee as being desirable, that is, it 
fulfills a definite need and has given satisfaction in at least several different laboratories. 
A mimeographed outline of the method is prepared as a ''Tentative Method’^ and is 
made generally available. After a year or more of study and criticism by those inter- 
ested, the tentative method, if found acceptable, is revised and presented in concise form 
to tbo Society for publication in Phytopathology as a "Recommended Method.’' Tenta- 
tive methods not found acceptable are held for further study and modification. It is 
expected that tin* published Recommended Methods will be revised from time to time, if 
neeessary. 

Th(‘ first Ih'commended Methods are appearing in this issue of Phytopathology. 
Information comaMming methods under current consideration either as Tentative or Recom- 
memh‘(l may h(‘ seen in the reports of the Committee to the Annual Meeting of the Society 
a,H pnldished m Phytopathology. Mimeographed copies of the Tentative Methods and 
reprints of the Recommended Methods may be obtained from the Committee Chairman 
(for address see Annual Report). 

The Committee welcomes suggestions regarding new methods suitable for stand- 
ardization. 
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DOSE, dosage: Quantity of toxicant applied per unit of plant fuuo-us lumhor «ni1 m- cno 
ml surface (6 10) dose Eatfo between sUeSySS X (ST 

ot indmduals (13). In case ot spore germination tests — the dose that +ui 

germination of 50 per cent of the potentially viable snores (151 It t* uilubits the 
that a low LD50 value indicates a high fungicidal XlX ^ 

DEPOSIT : Quantity of dry fungicides deposited on a unit area of plant, plant part or other 
sur ace, at any given application. The dried fungicide deposit remaining from tho 
dose minus the run off. run oee: Quantity of fungicide which runs off ! Xi a -T 
of plant, plant part or other surface during and immediately succeeXig XXcatloT 
KESIDUB: Amount of dry fungicide remaining on a unit area of plant plant part or 
other surface at any given time, deposit builder: Material added to J fuiigLde to 
increase deposit rather than to increase tenacity. S 

ADHERERS. Pi opeity of a fungicide to adhere or stick to a given surface, tenacity- 
piopeitj of a fungicide deposit or residue to resist removal by weathering (21 
T+X dependent on four major factors: adherence and insoluMlity of fungieWe 
X sui face, and nature of weathering, tenacity index : The meLure of tenae- 
itj. The latio of quantity ot fungicide residue per unit area of surface at the end 
weathering to that present at the beginning, sticker : Material 
qpi?r!n^ iTfm ^“f^ieide to increase tenacity rather than to increase deposit. 

SPREAD. XJnifoiinity and completeness with which the fungicide deposit covers a eontinn- 
? single leaf or seed, coverage: Distribution of a fungicide 
mnV ^ ^ discontinuous area, such as leaves of a tree, or seeds, spreader ' 

DiLTiXn^Xhp^'^*^*’*^ ^ fungicide to improve the spread of the liquid over a given area ’ 
diluent: The component of a spray or dust th.at serves to reduce the concentration of 
active component and may aid in mechanical application, but does not directlv in- 
fs rvehXfX ^ 

SUPPLEMENT, Sj/Ji. ADJUVANT, AUXILIARY: A material added to a fungicide to improve .some 

T’ spreader, ^or Tposit 

fifeXr tat XtTi agent, emulsifier, activator, or 

satener but not the diluent, wetting agent: A material that reduces the contact 
angle of a liquid on a given surface. Compare Spreader (.3) . Use wetting agent in 
preference to wetter, deplocculating agent: A material added to a^fimgicide 
suspension to dehay sedimentation (12), in case of protective colloids, presuniabh’ 
by adsoijition on the particles, and with dispersing agents, presumably bv dispersing 
aggregations of amorphous particles (11). emulsifier: A material added to in- 
crease or stabilize the dispersion of one liquid within another, activator: A material 
added to a fungicide to increase either directly or indirectly its toxicity, sapener: 

A material added to a fungicide to eliminate or reduce plivtotoxic effect Used in 
preferenc to corrective, i ^ 

AVERAGE PARTICLE SIZE: (a) The arithmetic mean diameter, (h) the diameter of partiede 
of average surface; (c) the diameter of particle of average volume; (d) the diameter 
of particle of same speeiiie surface as the material. It should he stated which of these 
four possible diameters (5) is actually measured. 
flowability: The property of flowing possessed by liquids, colloids, or dusts. 

REFERENCES 

1. ^T94(f* Committee on Technical Words. 

2. Fajans E., and H. Martin. The incorporation of direct with protective insecticides 

and fungicides. II. The effects of spray supplements on the retention and 
Q Til of protective deposits. Jour. Pom. and Hort. Sci. 15: 1~24. 1937. 

5. h REAR, Donald E. H. Chemistry of insecticides and fungicides. D. Yan Uostrand 

Co., Inc., (New York). 300 pp. 1942. 

'”^Yo“'l289 r?‘’t940. c’^cmistry. D. Van Noatraud Co., Inc, 

5. Green, Henry. The effect of non-uniformity and particle shape on “.average particle 

size.” .Tour. Franklin Inst. 204: 713-729. 1927. ^ ^ I i tu 

6. Horsfall, .1. G ,T. W. Heuberger, E. G. Sharvelle, and .1. M. Hamilton. A dp.sign 

^ for lnljor.atory assay of fungicides. Phytopath. 30: 545-,563. 1940 ^ 

'' '" tv mi’ and H. Martin. Studies upon tlie copper fungicide.s. 

1937 Ann. Appl. Biol. 24: S67-882. 

8. “^“4 principles of orcliard disease control. Jour. Eeon. 
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THE SLIDE--GERMINATION METHOD OP EVALUATING 
PROTECTANT FUNGICIDES^ 

The American Phytopathological Society, Committee on 
Standardization op Pungicidal Tests 

The method of evaluating protectant fungicides in the laboratory by 
means of spore germination tests on sprayed slides has undergone consider- 
able development since its first application over 30 years ago (28, 30) . It is 
now the most extensively used of all methods for testing the fungistatic (15) 
or spore inhibiting ability of protective fungicides (14, 27). During recent 
years in particular the method has been subjected to a critical analysis (10, 
11, 16, 20, 21, 25, 31) which has resulted in marked improvement; so that at 
present it may be considered a precise method fulfilling the demands of 
modern bioassay. The errors associated with spore germination tests of 
fungicides arise from two sources : biological and mechanical. A rigid con- 
trol and standardization of the methods of producing and germinating the 
spores have greatly lessened the biological errors (11, 16, 20, 31), while recent 
developments in precision apparatus for applying sprays and dusts have 
materially reduced the mechanical variation (9, 10, 11, 16, 21). 

The various specifications as outlined below are considered to embody the 
best current techniques. However, in order to meet the requirements and 
facilities of different laboratories it has seemed desirable for the present to 
offer, in certain instances, various alternate procedures. All of the factors 
specified have been found to be of importance and must be considered wlien 
using this method. Reference is given to the original papers for a detailed 
discussion of the various procedures, which should be consulted before 
attempting to employ this method. 

GENERAL DESCRIPTION 

The fungicide is ax^plied to chemically clean glass slides by means of a precision tech- 
nique such as a settling tower or horizontal sprayer. The former is suitable for sprays or 
dusts, the latter for sprays only. The deposition is regulated to give a series of dosages 
varying in geometric progression. The slides are allowed to dry and then i>laeed in moist 
chambers. Fungus spores obtained under controlled conditions as regards species, strains, 
medium, age, temperature, concentration and stimulant if desired, are sus^iended in dis- 
tilled water and pipetted onto the sprayed or dusted slides. The moist chambers are sealed 
with water and held at a tem^oerature suitable for germination. In the ease of water- 
soluble chemicals, the spores are added directly to the solution, and an aliquot then pipetted 
onto untreated slides. After a specified time the slides are placed under the low power 
of the microscope and the spores examined for germination. The percentage spores in- 
hibited from germinating based on a specified count are plotted on logarithmic q>robability 
])jiper and the LD50 or LI)95 obtained for comparing the relative merits of the different 
fungicides. Tenacity or rain resistance may be determined by subjecting the dried 
sprayed, or dusted slides to a laboratory weatherings^ and comparing their toxicity 
to nil weathered slides. 

GLASSWARE 

Cleaning, All glassware, slides, racks, moist chambers, test tubes, xiipettes, beakers, 
etc., must be chemically elc‘an. The use of potassium dichromate-sulphuric acid mixture is 

Kh>])ies may be obtained from the Committee Chairman, Boyce Thompson Institute, 
Yonkers, New York. 
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satisfactory, but the glassware must be thoroughly rinsed at least five times in tap water 
followed by once in distilled wuiter (13, 20). Chromium has marked fungistatic properties 
(15) and all must be removed. The glassware should be stored under dust-proof condi- 
tions. 

(Hass Slides. For ordinary purposes, 3x1 inch slides are used. Do not handle sur- 
face wuth fingers. 

Special Slide Surfaces. Fungicides of low surface tension may require special type 
slides in order to control the area of fungicide in contact with the spores. Ordinary slides 
may be coated with cellulose nitrate (5, 8, 12, 13, 23, 24), or circles may be etched on the 
siicies (26), cover glasses mounted on the slides (27), or cavity slides employed. Extreme 
care should be taken wdien attempting to delimit the spread of the drops that the materials 
used do not possess toxic or stimulant properties (13). Most of these special slides cannot 
be subjected to “rain’’ tests. However, if dilute eellulose nitrate, he., 0.25 per cent in 
butyl acetate, is used to coat the slides they may be so exposed. 

Slide Eaclcs. Hacks to support the glass slides in the moist chambers may be made 
of solid glass rods bent into a tJ. Eelatively unreaetive sheet metal racks, such as alumi- 
num, are also useful and more durable than glass. 

Moist Cdtamhers. Medium (200 mm. outside diain.), small (150 mm.), or large (250 
mm.) moist chambers may be used. The chambers are inverted for use and a filter paper 
disc may be placed on the bottom to provide a background and to hold the slide rack in 
position. After placing the spore suspension drops on the slides the chambers are sealed 
with water. Do not place different fungicides, or different concentrations of the same 
volatile fungicide in the same chaniber. Because of this, space is wasted in large cham- 
bers. A chamber set up with rack, slides, and drops of spores is illustrated in a paper 
by McAllan (13, p. 11). 

APPLICATION OF FUNCxICIDE 

Spraijs and Dusts. Sprays and dusts must be applied by means of a precision appara- 
tus, either a settling tower (9, 21) or a horizontal sprayer' (5, 10, 11, 21). The former 
is suitable for both sprays and dusts, the latter for sprays only. Settling towers are more 
precise and in general more elaborate than horizontal sprayers, while horizontal sprayers 
are more rapid for one or two test fungi and permit greater variability in dose ratio. 
Other methods of applying sprays such as the use of a micro pipette (26) or a solid glass 
rod with ground top (27) have been emifioyed. Likewise, test tube dusters have been used 
commonly for applying dust fungicides (13). However, until these tecliniques can be 
demonstrated to be equal or better in precision than the settling tower or horizontal 
sprayer, they cannot be advocated for a standard metliod. 

Se tiling Towers. Settling towers function on the principle of filling the tower uni- 
formly with the spray or dust and then allowing it to settle on the glass slides. Fungicide 
suspensions contained in a beaker and constantly stirred are sprayed up into the tower 
tliroiigli an atomizer nozzle located near the base of the tower. When the tower is filled 
Avith a fine suspension, spraying is stopped and a preliminary settling period allowed for 
the heavy drops to fall. The slides are then introduced at^ the bottom. After a given 
])eriod of exposure, the slides are AvithdraAVii and the tower evacuated by forced draft. 
The entire operation is then repeated and a series of fungicide deposits obtained on the 
slides according to the number of times they wmre exposed. It is necessary to standardize 
on a nuiidier of factors such as dimensions of tower, spraying pressure, time of spraying, 
time of preliminary settling, time of exposure, and positional effect, if any, of slides. The 
do Yin)iss No. 15 atomizer is considered standard for the settling tower and horizontal 
sprayer. A satisfactory settling tower of known precision is discussed in detail in a paper 
by McAllan (21). Every individual settling tower or horizontal sprayer when constructed 
must be calibrated ^ in addition, a special calibration may be necessary for fungicides of 
nniusuul physical nature. 

Settling towers for dusts are modified in that a given quantity of dust is placed in a 
“gun” and shot upward into the toAver by sudden release of air pressure. An apparatus 
that has given satisfaction in different laboratories is described (9) in detail. 

Horizontal Spragers. A horizontal sprayer is a stationary apparatus in which the 
fungicide is sprayed horizontally through an atomizer nozzle onto a facing glass slide 
held a s(‘t distance away. The distance is within the range 20 to 30 inches. The duration 
of spraying is ]>reeisely controlled by a cut-off valve or stop cock, and the (bqiosition of 
fungicide is determined by the time of spraying. The apparatus is suitably IiousimI to 
eiiniinate stray air currents, back pressure, and to maintain a high humidity.* As iu the 
sedtling tower, llie fungicide is heM in a beaker and continuously stirrexl, auei the nozzle is 
a, ele Vilbiss No. 15. Bprayers of tested precision are discusseid and illustrated (10, 11, 
21 ). ■' ■ ■ ■ 

Sohihle Materials. Soluble materials not to be tested for tenaeitv may ])0 applied 
by means of the test tube dilution technique (16), A series of dilutio'ns is' prepared in 
■lbi])nblish<‘d data furnished by J. G. Horsfall. 
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test tubes and to a known quantitT, usually 2 ec., of the chemical, 0.5 ec. of spore suspension 
is added and tiro individual drops of the resulting suspension pipetted onto the glass slides. 
If necessary, orange juice or other stimulant is added along with the spores. The concen- 
tration of chemical should be expressed as per cent or parts i)ei* million by weight of (a) 
toxic ion or radical, or (b) total fungicide. This technique is more rapid than the hori- 
zontal sprayer or settling tower, though less precise, and may be used for preliminary 
orientation tests of readily suspendable materials. Care should be taken to agitate the 
suspension of fungicide and spores before withdrawing the X->ipette samxde. 

Dose Eatio, Dosages, i.e., settling tower exposure, sxiraying time, or concentration of 
soluble materials should be varied in geometric progression. Standard ratios of V2, ic., 
1.414, 2, 4, V 10, i.e., 3.16 or 10 are reconiniended (15, 16). Sufficient dosages should be 
run so that at least three finite gerinination resxionses will be obtained (16). Steep toxicity 
curves will require small dose ratios, and flat curves, large ratios. 

Deposition. Express deposition of sxirays and dusts as milligrams or inicrograms of 
(a) toxic ion or radical, or (b) total solids, deposited pev square centimeter of surface 
(8,11,16). 

STANDARDIZATION OP FUNGUS 

Species. The following species have been used extensively and give satisfactory re- 
sults (16) : Alternaria solani (Ell. & Mart.) Jones & Grout, Delaware strain (16, footnote 
5), Glmnerella cingidata (St.) sp. & von S., Macrosporhi'm sarcinaeforme (Cav.), and 
Sclerotmia fructicola (Wiiit.) Eehm. In addition, Penicillmm expansum Link, and 
EJmopus riigricaiis Ehr. + strain recently have been found suitable (15). iVll of these 
species may be used to test heavy metal and organic fungicides; only Sclerotmia fructicola 
is suitable for sulphur fungicides. In general, the use of at least two different sx^eeies is 
rcommended (16). Under the conditions specified below, the conidia of all six sx)ecies 
should give a high x^crcentage of gerinination in the controls, at least 95 x^er cent, excexjt 
Glomcrella cingulata, for which 90 x>er cent or higher should be obtained. Other species 
may be used provided they meet the requirements of reproducibility of results, ease of 
counting, and production of spores set forth (16, x>* 70-72). 

Culture Media. All six sxiecies may be cultured on test tube slants of xiotato dextrose 
agar (8, 15, 16, 20, 27) though oatmeal agar slants may be preferred for Macrosporium 
sarcinaeforme (3, 11). 

Age of spores. The viability of most fungus ■sx3ores changes markedly with age (4, 
13). Spores from all species should be obtained from 7 -day-old cultures (16, 20) except 
for the slower growing Macrosporimn sarcinaeforme, where 14- to 21-day-oid cultures are 
recommended (8, 11). 

Density of Spore Suspension. It has been shown that the percentage germination 
resx)onse varies with the dose per spore and that there is a direct relation between the log. 
LD50 and the density of spore suspension (11, 16). Hence it is necessary to contpl the 
number of spores in suspension. The spore suspension concentration can be determined in 
a Puehs-Eosenthal blood counting cell (20), and the final concentration should be adjusted 
to 50,000 spores per ce. This suspension will give about 35 spores x^er low power field 
(15 X ocular, 16 mm. obj.) (16). 

Application to Slides. The sx>ore suspension is applied to the slides by means of a 
1 cc. or 2 cc. pix>ette, care being taken to maintain the sx)ores in suspension. Two i)airs 
of drops may be placed on each slide, the four drops being in a staggered position (13). 
In the case of settling tower or horizontal sprayer, the first x>air of spore suspension drops 
are of one fungus species and tlie second x^air of another species, while with the test tube 
dilution technique the two pairs of drops may constitute two different doses of fungicide. 
The drop should be approximately 0.05 ec. in volume (11, 16). On x>lain glass the drops 
should spread to a diameter of about 10 inin. (16)-, and on cellulose nitrate to a diameter 
of about 7.5 mm. (11). Difficulty will be encountered with materials of low surface 
tension and sx)eeial surfaces will be recxuired as stated above. In all cases, the area of the 
drops should be maintained reasonably constant within a test. Extreme departures from 
the above diameters should be stated. 

Temperature. The six fungi specified may be cultured and will xu'oduce a maximum 
of spores at temx)eratures from 20^ to 25^ C. (11, 16). As is well known, sx)ores vary in 
liieir temx)(‘rature requirements for germination (4), and it has been shown (3, 22, 31) 
that their resistance to a fungicide is greatest when the temperature is ox)timum. llow- 
ever, it has been found that within the lumge 15^ to 27° C. either Alternaria .wlani or 
Sclcrotiuia fructicola which have resx^ectively high and low optimum temx)eratures will 
rat(‘ conq)(>mids in the same oiahw (31). Accordingly, the temperature range 20° to 25° 0. 
is specified for spore production and germination. Where it is of interest to obtain greater 
information regarding tem])eraturt‘8 the 8x>ores should be tested at two or tnore tempera- 
tures that vary by at least 10° C. 

S/imulanis. It has been demonstrated that much of the day-to-day yariatioii or 
replicate test error 
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luitriont derived from the cultures when procuring the spores (20, 26 271 In on/.!, 
the spOTcs should be obtained by a vacuum technique or they should be washed and 
iyged to nd them of the contaminating stimulant (20, 26). Washed snores of 
OIOS, particidarly Sclerotinia frncticola, will not germinate readily in drilled tSr 720 
hence it is necessary to add a known quantity of stimulant. Ultra-filtered nr-iLo 
juice used at a strength of 0.1 per cent has proved very satisfactory for most species 
concrntration of 0.316 is preferred for Femcillium expansum and Shisopus nigricans 715V 
A frozen supply of the orange juice may be kept on hand (20) . Extracts from commerlt i 
dried potato dextrose agar (27) and coenzyme K (6) have also been used tTp f 1 
and nature of stimulant employed should be state! ^ Stimulants have bein sho!n To "if 

EXAMINATION FOR GERMINATION 

Time, pie spore may be examined for germination after 20 to 24 hours 71S qn 
Hoive\ei, it has been found that a given fungus may rate fungicides in o /lirpoi ^ * 

hourfll^f «‘-/--lly ifo fuitLrlLlge^Say'hTTxpTcter 

information th! s^rou^T 

MacrosporUm sareinaeforme, anTlSO °x 

Scleral mafruoUcola (16) A cover slip is not required under ordinary cireumstaMer'^ 

germinate under the normS conditions'^ of the control A si!X coriwthm T 

viable spores in the ease of high germinating control^ is asTo^T.r com! ^1^™^ 

spres as the control is short of 100, and deduct this number from the un^eLinTted Lsult 

of th!tX\x{efdTtoSthTmhior £eterT?th?2re‘‘®®AT^™?®-“'T^ the length 
germ tube length in microns for each cnnnf inn c-^ * ^PPi’oximation of the average 

germ tube lefgth aTUpereentTr of However, sinfe 

gained by measuring germ tnbef(14).^ ^ correlated, little is 

quen«y dVffildftf^erthrspTres^‘^’com deposits of fungicides, it is fre- 

tion of a drop of concentrated ’ acid readily cleared .by the addi- 

organic materials. A solution of 50 ner t sometimes successful with 

has been found fairly successful for staininp* saf ranine 

them more yisitfie iJ Busp:Sl' 

suremeuts of fnseetiddes/drugs^Ue^ The^peTeentf procedures used in toxicity mea- 

should be recorded (14, b). ^ ™ P®^<^®^tage of spores inhibited from germinating 

COMPARISONS 

that atrSstriCToUof MiTdua^^lIthal^aoS^ 

against the logarithm of the dose 729 symmetrical when plotted 

curve is plotted on logarithmic XbabiW^^^ symmetry, if the toxicity 

cent spores inhibited from genmna W Ihmdd^hl Thus the per 

of the fungicide on the lofaritLic-TlSiTf concentration 

tlirnugh the points giving neatest wdeht tr! +1^0^“^^®’' straight lino drawn 

some eases, the points i^^UaveTdlfinfL feuf ^'^3). However, in 

a curve concave upwards, convex nnwo rd« straight line, either toward 

H). TIk'so departures from thiv normal" straiaT?^^ irregular shape 

tion. Tn such cases ^U)roken’* straia*hV ^ substantiated by replica- 

Htroight lines it is jmssibl to fo™ With the data plottml as 

Hihibition of germination or control (3 ic 33^ ^ ‘‘^P^^valent 

V i McGallan. 

o itx 1500k Co., Inc., Norwood, Massachusetts. 
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Unit of Comparison. Tlie common unit of comparison is the LD50 or dose inhibiting 
the germination of 50 per cent of the spores (11, 16, 19, 29, 33). The LDoO can be most 
precisely determined for a given spore count (29), and is best adapted for comparing 
straight line or concave type toxicity curves and for materials having the same slope (16) . 
The LD95 is more practical for comparing fungicides having curves of the convex or 
sigmoid or irregular type and dissimilar slope (3, 16). When the LD95 is used it should 
be so stated. 

Standard Fungicide. ^‘Standard Laboratory Bordeaux Mixture” may be employed 
as a basis for general comparisons and for determining '^Bordeaux Ooefficients” (2). 

Meplications. Because of day-to-day variations in the resistance level of the spores, 
tests should be replicated on different days using different lots of spores, rather than at the 
same time (11, 16, 17, 20). It is preferable to test with several different fungi twice 
rather than one fungus a number of times (16). 

Error Term. In making statistical comparisons of the LUSO or LD95 of a different 
fungicide, the compound x replicate test interaction ordinarily will be used for the error 
term (16), For a further discussion of statistical treatment see (16, p. 74), 


DETERMINATION OF TENACITY 

It is desirable to determine the tenacity of fungicides after they have been subjected 
to laboratory weathering tests. The tenacity evaluated is dependent not only on the |)hys- 
ical chemical properties of the fungicide, namely adherence and insolubility, but also on 
the two basic variables, nature of surface sprayed and method of weathering. 

Na/ture of Surface. Glass (14, 19, 26) and cellulose nitrate surfaces (7, 23) com- 
monly have been used. Information is not available as to which more closely resembles 
leaf surfaces in general or any leaf in particular. 

Method, of Determmatimi. There are two basic methods of weathering to determine 
tenacity: (a) ” artificial rain” and (b) immersion. The ^Grrtifieial rain” may be ap- 
plied by allowing water under pressure to flow upward through a rose-type nozzle and 
thence downward by gravity onto slides oscillated or rotated beneath (19), or it may be 
applied directly through a horizontal sprayer (24). The immersion method may consist 
simply of suspending the slides in a beaker of water for a short (32) or long (23) x>eriod 
of time, or of shaking the slides during or after immersion or both (7, 26). It would 
appear that ‘ ‘ artificial rain ’ ’ more closely simulates natural rveatheriiig, but immersion 
is simpler and more rapid. Limited tests indicate that these methods differed but little 
in their ability to remove the fungicide deposit (7). The procedure employed should be 
stated in detail. 

Tenacity Index. The tenacity index is the ratio of active fungicide remaining after 
rain tests to that originally present (1). It may be determined by customary chemical 
analyses or by spore germination tests (7). In the latter case spores are germinated on 
imweathered slides and on a comparable set of weathered slides. The tenacity index is 
LB50 for unweathered slides 
then derived (7) as follows: ld 50 for weathered slides'- 
be expressed on the basis of the LD95 and should be so stated. 
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STANDARD LABORATORY BORDEAUX MIXTURE^ 

The American Phytopathological Society, Committee on Standardization 
OP Fungicidal Tests 

In tlie laboratory eYaliiatioii of fungicides it is necessary to employ a 
standard fungicide (a) as a check on the reproducibility of the technique, 
(b) as a basis of comparison for new compounds, and (c) under specified 
conditions, as a means of adjusting day-to-day Yariations due to changes in 
the resistance leYel of the spores (2, 4, 8). It is typical of bioassay in gen- 
eral, that each population will Yary from day to day. Here each population 
of spores will vary in its resistance to fungicides. Controlled conditions 
haYe reduced but not eliminated this day-to-day variation (2, 4, 5, 7). 
Where a suitable standard is carried with each test, it is possible to rate 
each compound in terms of the standard and thus correct much of the day- 
to-day variation or replicate test error (2, 4, 8). 

A standard fungicide should fulfill certain requirements. It should be 
w^ell knowTi, readily obtainable, easy to prepare, of kiiowTi composition, stable 
and of medium toxicity (2) . In addition, for a precise comparison, it should 
be of essentially similar chemical composition, and have a toxicity curve of 
similar slope to the ‘‘unknowTi’’ fungicides wuth w4iich comparisons will be 
made (4). It is apparent that no single material can f ulfill all of these re- 
quirements and function as a uniYersal standard. It has been showm that 
day-to-day Yariation can be adjusted effectiYely only wdieii standard and 
unknown are of similar chemical composition and slope (1, 4). Hence, a 
general standard may be selected to check on reproducibility of technique 
and as a basis of comparison for neW' materials, but it wull haYe only limited 
application in correcting day-to-day Yariation (4). 

Bordeaux mixture, the most important member of the most important 
group of fungicides, the copper compounds, is presented (2) as a suitable 
standard laboratory fungicide under the conditions aboYe outlined. 

PREPARATION OF STANDARD LABORATORY BORDEAUX MIXTURE 

The variability in Bordeaux Mixture is eliminated by standardizing the composition 
of the ingredients, the method of preparation and the temperature. Stock solutions in- 
stead of solids are used to insure rapid and uniform reactions. Temperature is held 
constant between 20° and 25° C. and reagent quality ingredients free of carbonates are 
employed (2). 

Stoclc Copper Sulphate, A 3.928 per cent solution of reagent quality CuSOj • 5PUO 
(1.0% Cu) is made up in distilled water. 

Sfoek Lime Water. A saturated lime water solution is prepared by susp(‘udirig an 
excess of reagent quality hydrated lime in boiled distilled 'water. Agitate tbo roughly to 
o{)tn,in saturation. Ijet settle. Keep in siphon bottle protected from CO^ with soda- 
linu* tower. 

Standard Bordeaux. The volume ratio of stock copper sulphate and lime water 
should he 1 to 12 (mol. ratio 1 Cu to 1.65 Ca). The stock copper sulphate should be 
added to the stock lime water while stirring. The quantities in cc. of stock copixu* snl])hatc‘ 
to be add(,‘d to stock lime wat(‘r and diluted to obtain varying percentages of co])pei‘ are 
as follows: 

’ Co])it's may be obtained from the Committee Chairman, Boyce Thompson Institute, 
Yonkers, New York. 
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Final volume in cc. 


250 

500 

1000 

Per cent copper 

Copper 

Lime 

Copper 

Lime 

Copper 

Lime 

5 

60 

10 

120 

20 

240 

0.02 



5 

60 

10 

120 

0.01 



' 


5 

60 

0.005 


DEPOSITION AND LD 50 VALUES FOR STANDARD BORDEAUX 

Bordeaux standard and “unknown” fungicides, the materials 
should be applied by means of a standard precision technique such as the settlinTtower 
(6) or horizontal sprayer (2). The approximate deposition of copper if 
sq. cm. to be expected from a Standard Bordeaux containing 0.005 per cent Ou foi- thp 

0-05 per one exposure (settling* tower) ^and 0 03 ^er second 

range from a^roLimately 0.2 to 0.5’mkrogramfeoJper^OTlq!“m^^^ technique should 

DETERMINATION OP BORDEAUX COEFFICIENT 
’ ■ toxicity of copper compounds witli toxicity-curve slopes simikr tn 

Slaf Bordeaux "coefficieS"(2ri:orain|1f the 

Bordeaux depositi on of copper in Standard Bordeaux _ 

nUfo* a ui deposition of copper .in Fungicide X eoeficients 

Ir^Te'^ir lV?p7ts to day less than the actual LD50 values, 

values 4 .^ 4 . Ki f cuprous oxide the coefficient of variation for the LD50 

arJs 51 = T= 

correction for°?ay4mda^^4te“tfon'\■s noMikely to 
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A POSSIBLE EEPBINTING OF SACCARDO’S 
SYLLOGE PUNGORUM 


The Alien Property Custodian has recently announced (Science 97: 
303-4. 1943) that many technical books and sets of books of Axis origin 

are available for republication. The procedure to be followed in obtaining 
necessary licenses and other details is given and it is clear that every en- 
couragement will be given to bring about prompt reproduction of books of 
this kind. 

To mycologists and plant pathologists this announcement immediately 
suggests the possibility of the reproduction of Saccardo’s classical Sylloge 
Fungorum in usable form. This compendium of mycological descriptions 
is a ‘^sine qua non/’ and the comparatively few sets now in use in the Amer- 
icas are showing the effect of much use. Additional copies have been prac- 
tically non-existent heretofore, only occasional sets appearing on the market 
at rare intervals and at exorbitant prices. There are undoubtedly many 
institutions as well as individual mycologists and plant pathologists who 
will welcome an opportunity to purchase a set of Saccardo. Even those 
libraries now possessing the work will likely desire an additional set to re- 
lieve the wear and tear on the original. 

It has been ascertained that a satisfactory reproduction of the 25 volumes 
can be produced. If 100 subscriptions are obtained by September 1, the 
complete set of 25 volumes can be obtained at $200.00 per set; if 300 sub- 
scriptions are obtained, the price will be $150.00 per set. These prices are 
based on an offset edition, with the type block photographically reduced ten 
per cent. 

In order that the undersigned may obtain an idea of the number of pros- 
pective purchasers, interested mycologists are requested to send in tentative 
subscriptions and to interest their respective institutions in doing likewise. 

John A. Stevenson, 

Bureau of Plant Industry, Soils 
and Agricultural Engineering, 
Beltsville, Maryland. 
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SUMMER MEETING OP THE UPPER MISSISSIPPI VALLEY 
PLANT PATHOLOGISTS 

A summer meetiug of plant pathologists of the North Central States has 
been scheduled for August 12 and 13 at Purdue University, Lafayette, In- 
diana. Headquarters for the meeting -will be at the Purdue Memorial 
Union Building on the campus where room reservations may be made. The 
program will be organized about the solution of problems and the exchange 
of idea.s pertinent to the maximum production of food and fiber in the wai 
emergency. The war committee and the national officers of The American 
Phytopathological Society are scheduled to meet with the Upper Mississippi 
Valley group. 


EVIDENCE POE THE EVOLUTION OP PHYTOPATHOGENIC 
VIRUSES PROM MITOCHONDRIA AND THEIR 
DERIVATIVES. I. CYTOLOGICAL AND 
GENETIC EVIDENCE' 

M. W. Woods and H. G. BuBuy 
(A ccepted for publication January 11, 1943) 

CYTOLOGICAL AND GENETIC EVIDENCE 
INTRODUCTION 

All plant viruses that have been chemicallj?' isolated contain d-ribose 
nncleoprotein (1). Some of these viruses at least are monomolecular in 
nature. At present, there is divided opinion as to the origin of virusesv 
AVhereas most workers in the past have inclined to the view that viruses 
are derivatives of parasitic microorganisms, there has long been a school 
holding that these entities are autocatalytic proteins of ultimate host-cell 
origin, although the exact proteins have never been clearly defined. Thus, 
AVoods (20) proposed the enzymic theory, which was further advanced with 
modifications by Freiberg (9), and Vinson (19). In 1933 Vinson demon- 
strated that the virus of tobacco mosaic is protein in nature. Stanley (18) 
later reported the isolation of this protein in ‘‘crystalline” form. Bawden 
et al, (2) were the first to demonstrate the nueleoprotein structure of viruses. 
In a previous paper (21) we demonstrated a relationship between the 
chromoprotein complex of the plastids of normal cells and tobacco-mosaic 
virus nueleoprotein. In the following two papers (cf. 7) we present proof 
that a ribonucleoprotein is a part of the normal cliromoprotein complex. 
Furthermore, by presenting eytological and chemical evidence that charac- 
teristics of plastid-eontrolled variegations are intermediate between those of 
normal plants and virus-diseased plants, we connect virus proteins pliylo- 
genetically, over the variegation-inducing agents (abnormal plastids or 
cliondriocontes), with proteins of the normal plastids or chondriocontes. 

The similarities in symptoms of certain plastid-eontrolled variegations 
and certain infectious mosaic diseases are often striking. In both types of 
disease the symptoms are not limited to the chlorophyll alone, but as AVoods 
(20) and Davis et aL (6) have shown, other physiological processes are in- 
volved. AVoods believed both types of disease to be fundamentally alike; a 
contention borne out by the present work. Once plastids have mutated, 
such mutated plastids cause leaf variegation (5, 6, 12, 17). As Guilliermond 
(10) and others have pointed out, the jdastids of higher plants can lie con- 
sidcrc'd as differentiations of the chondriome. The term ehondriorae in- 
cludes all mitochondrial elements of the cell and their derivatives. Thus tlie 

^ 1 Hcientifie Paper No. A42, Contribution No. 1869 of the Maryland Agricult ural Ex- 
periment Station (Department of Botany). 
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proplastids of tlie embryonic cell are considered as specialized mitochondria 
(‘^^aetiYe chondriosonies’’ or ‘ ‘ chondriocontes ’ ’ sensu Guilliermond) , Since 
clioiidriocontes have a definite heredity and are capable of mntation, they 
have fundamental properties in common with viruses. These properties of 
chondriocontes are probably under control of the ribose nucleoprotein com- 
ponent, which we have isolated from the normal plastid. The present paper 
furnishes cytological and other evidence for the origin of phytopathogenic 
viruses from the chondriome. 


MATERIALS AND METHODS 

Variegated clones of the various species investigated were obtained from 
greenhouse stocks or collected in the field^ (Table 1). Whenever possible, 
clones were established from both green and variegated shoots of the same 
plant species, and, where possible, also from the same plant. In many 
instances it was possible to compare normal and variegated tissues in the 
same leaf. Plants were grown in the greenhouse in sand culture and sup- 
plied with appropriate nutrient solutions. Material for microscopic study 
was aspirated in freshly prepared 10 per cent neutral Formalin in distilled 
wnter, and sectioned with a razor. This fixative preserved the nuclei and 
cytoplasmic structures in a manner closely resembling their appearance in 
living cells. Living cells, prepared in dilute nutrient solution, were com- 
pared with fixed material. An aqueous solution of iodine in potassium 
iodide w'as the most satisfactory stain for mitochondria and plastids. In 
some instances Janus green B w^as used as a vital stain for mitochondria. 
Grafts and bud transfers were made with techniques appropriate to the 
plant material involved. 

EXPERIMENTAL 

Symptoms of Variegation • 

Sjmiptom patterns in variegated leaves were either periclinal, sectorial, or 
mosaic sectorial, (Pig. 1, Pig. 8, A). In the sectorial types varigated areas 
alternate or form a mosaic with normal tissues, whereas in the periclinal 
types the normal tissues occur as a central core surrounded by variegated 
cells or tic e versa. In many plants the onset of variegation is characterized 
by sectorial variegation, which changes to a stabilized periclinal form main- 
tained by vegetative propagation (Pig. 8, B). Massey (17) has provided an 
explanation for this conversion to the periclinal form on ontogenetic grounds. 
Cei tain variegated clones, however, remain mosaic-sectorially variegated 
(c.fy., LoHfccra japo7iica 1, region II) and Xanthium clone 2) (Table 
1). In these variegations the symptoms most closely resemble those occur- 
ring in siKdi infectious diseases as Ahutilon and tobacco mosaic. Some varie- 
gatioiis smdi as those oeeurring in Eiicmymus may continue to develop all 

aid rendered by Miss H. M, Christensen, Mr. C. E. Cox, Mr. R. 

Mr, W. L. Smith, Mr. R. Stewart, Mr. D. L. 
iitnteir* ^ ^alph in eolleeting many of the clones inves- 
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three major symptom types. As will be shown below the symptom pattern 
of variegation depends largely upon the behavior of the abnormal ehondrio- 
eonte or plastid during leaf ontogeny. 

HISTOLOGY AND CYTOLOGY OF VARIEGATED TISSUES 

Histology 

The symptom pattern of variegation can generally be explained on the 
basis of distribution of variegation-inducing ehondrioeontes^ during division 
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Fig. 1. Six types of variegations or viroses, representing 6 regions of a spectrum of 
variegation.^ Successive regions are based on progressively more drastic modifications in 
the variegation-inducing plastid (loss of pigments, loss of normal function, and reduction 
in size and chemical complexity). In each ease photographs of leaf symptoms are accom- 
panied^ by camera-liicida drawings (x 2000) of cells with normal plastids only (homo- 
chondric-normal = Ho.3Sr), cells with both normal and variegation-inducing plastids or chon- 
drioeontes (heterochondric), and cells with variegation-inducing plastids or chondriocontes 
only (homochondric-variegated = Ho.Y) . In region VI a noninfected tobacco cell is shown 
together vyith a light green mosaic-infected and a yellow mosaic-infected cell. LG-V = light 
green vpiegation ; YV = yellow variegation ; WV = white variegation. Illustrative species 
are as follows: region I, Weigela sp. ; II, Lonicera japonica clone 1; III, Hedera helix; 
IV, Btionymm radicans; V, Lonicera japonica clone 3, and VI, Nicotiana tabacum var, 
Turkish, light-green and yellow tobacco mosaics (Marmor tahaci H.). 

of pre-ex.isting‘ normal or variegated, motlier cells, and can be interpreted on 
a eiiimaeral basis. The composition of the mesophyll varied considerably 
in different parts of the same leaf or in different leaves of the same clone. 
Certain mosaie-seetorial patterns, however, could not be interpreted ade- 
Hereafter the term v.-i. wdll be substituted for the expression ^^variegation-indue- 
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qiiately on a simple cliimaeral basis. These were observed, for example 
in Lonicera japonica clone 1 Xanthium canadense clone 2, and particularly 
in Enonymus radicana clone 1 {of. Pig. 1). 

Normal Cells {Honiochondric Noi-mal Cells). In normal cells (Pig. 1, 
Ho.N) the chloroplasts appeared as flattened spheres containing many mi- 
nute pigment-bearing* discs (grana) imbedded in a colorless stroma. The 
chloroplasts usually formed a single layer wdth their broad axes parallel to 
the cell wall, all available space being occupied. Starch grains could readily 
be delineated with IKI. 

Completely Variegated Cells (Honiochondric Variegated Cells) . In com- 
pletely variegated cells (Pig. 1, Ho.V) the variegation-inducing plastids Avere 
generally smaller than the chloroplasts of the normal cells, and often more 
numerous per cell emd light green in color. The range of variation is sum- 
marized in table 1. In mild variegations (Pig. 1, region I of the '‘spec- 
trum”) the plastids of the mature cells remained green and w’-ere occasion- 
ally reduced in size. Distinct grana were sometime present, but starch grains 
w^ere usually small or lacking. Cell size or shape w^ere not markedly affected 
in most cases. In more extreme variegations (Pig. 1, regions II to III of the 
"spectrum”) the pigment content of the v.-i. plastids was further reduced, 
as was their size. The cell size was often affected. The variegated cells con- 
tained more plastids than normal cells. Por instance in Lonicera japonica 
clone 2, in which the cell size does not change the average number of normal 
plastids per unit cell area (32 cells measured) was 14.3 ±; .3. In variegated 
cells (28 cells measured) the number of vi-i. plastids was 16.0 ± .4 per unit 
area. The fact that homochondric variegated cells contain more plastids 
than the corresponding normal cells indicates a higher division rate for the 
v.-i. plastids. The plastids of cells sometimes contained a small amount 
of chlorophyll (Pig. 1, region II), although in mature cells they w’^ere either 
yellow or colorless. In very old cells the v.-i. plastids were generally color- 
less and often highly vacuolate (Pig. 2). In the most extreme variegations 
the chondriocontes failed to develop beyond the mitochondrial stage and 
w^ere always without pigment (Pig. 1, region IV). In these cases cell size 
and shape were generally markedly affected. In the types of variegation of 
regions II to IV of figure 1 changes in cell physiology w^ere further evidenced 
by increased sensitivity of the tissues to adverse environmental conditions 
(mechanical and chemical injuries, desiccation, etc.), and development of 
vacuolar anthocyans. Abnormal vacuolation of the cytoplasm in old cells, 
and increased oxidase activity as indicated by browning of the cells of young 
leaves were obseiwed. In general the picture of cell pathology hecanie more 
viTosedike m proportion to the increasing abnormality of the v.-i.4nducing 
plastids or chondriocontes (ef. 8). This wms particularly marked in cells 
containing both variegation-inducing and normal plastids. These will be 
referred to as lieterochoiidrie cells. 

1 aitly Variegated, or Heterochondnc Cells. Heterochondric cells have 
not been observed in some of the mildest variegations (Table 1, region I). In 



;.• “sl!“if=>1i” p'5-“< K:riisii-j£ «- ?: 

this case are nonignificLt ^ in cell si.f in 

‘‘typical viruses.” In Xantkiimi sp. clone 2, for example, the v.-i. plastids 
m le mature cell were colorless and rarely contained starch (Fin 3 C). 
n K leioc'Iiondrie cells from mosaie-seetorial areas marked rediietion in the 
Nize tile clilorophyll content, and the starch content of the normal chloro- 
Plasts was sometimes noted. Cell size also was often reduced. Adiacent 
tells, which contained only normal plastids, always appeared entirely 
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some of the variegations of region I and in all of region II the v.-i plastids 
did not cause marked pathological changes in the normal chloroplasts of the 
heteroehondrm cells. However, as the cell aged the normal plastids occasion- 
al y became lighter green. As m completely variegated cells, heteroehondrie 
cells with a high proportion of v.-i. plastids often showed evidence of physio- 
logical abnormality. ^ 

Heteroehondrie cells in more extreme variegations (Pig. 1 reo'ions III 
to I\ ) are interesting because they most closely resembled cells infected with 
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normal. The extent of derangement in the normal plastids of heterochon- 
dric cells was in proportion to the relative number of v.-i. plastids present 
in the same cells. It is significant, however, that in Xanthium sp. clone 2, 
and in certain other species, the occurrence of even a large proportion of v.-i. 
plastids in heteroehondric cells did not always result in visible derangement 
of the normal chloroplasts. In this respect the behavior of the v.-i. plastids 
parallels the action of certain viruses in that the presence of the virus may 
or may not, depending on conditions of cell metabolism, cause visible changes 
in the chloroplasts of infected cells. 


Pig. 3. A. Loniceta japonica clone 1. Sector of leaf with central mesophyll made 
up of homoehondrie-variegated cells. B. Euonymus radicans. Central mesophyll of homo- 
chondrie-variegated cells. (Note similarity to A.) C. XantJikm sp. clone 2. a, homo- 
chondric normal cell; b, heteroehondric and adjacent homoehondrie-variegated cells; c, 
homoehondric variegated cell. 

The variegation-inducing chondriocontes of the most extreme variegations 
(table 1, region IV), exert, like certain viruses (4, 8), a very strong inhib- 
itory action on the normal chloronlasts oceurrinei* in the same eell. Thus. 
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that form a transition zone between the normal-green and completelv varie- 
gated tissues. These light-green transition zones contain cells with varvino- 
degrees of chloroplast inhibition, degeneration, or both (Pig 1 Eeo-ion IV 

^ ^ inbibitionti celi 

growth (Table 2). The most severely affected cells occur nearest the com- 

tionsMp letween conditio7i of the ehloroplasts Ld sha^e of cell ^ 


Cell type 

Normal cells: normal ehloroplasts 

Cells with degenerating ehloroplasts 
Cells 'Without ehloroplasts 


Dimensions of cells 


Length 

Width 

Length/width 

No. measured 

4.66 

1.52 

3.06 

22 

4.49 

1.68 

2.67 

16 

3.24 

2.32 

1.39 

18 


pletely variegated tissues. Presumably, similar transition zones have been 
described by Hem (12) for Scirpus, Diffenhachia, Dracaena, Croton, Ahi- 
Mon and Plantago sp. as gradual degeneration of the plastids on the margins 
of the discolored areas. These transition zones with heteroehondric cells in 
xntermedtate stages of chloroplast breakdown and growth inhibition (Fi<v. 4 ) 
can best be interpreted by assuming that they were invaded ly vA. chondri- 
ocontes at some post-emlryonic stage of ontogeny. If these cells had been 
heteroehondric from the beginning, cell size and shape would have been 
different from normal cells. No transition zone could be found in these 
eases (Pig. 5). The fact that this variegation, which shows transition zones. 





^ a B >< C D >' 

of f a mosaie-seetorial variegation 

i^ttf rr^^gT/degenSated cells 

grarnmatic cLerf-luelda drawTng ) ^ vanegated cells. (Semidia- 

has been graft-transmitted supports this view (Pigs. 4 and 5) . It should be 
emphasized, however, that intercellular migration of v.-i. chondrioeontes in 
thns plant seems to be very limited as most of the symptom pattern is clearly 
of the ehimaeral type encountered in the other “non-transmissible” variega- 
lons (big. 3B and 5). Indications of intercellular migration of v -i 
chomlnocontes in certain mosaic-sectorial variegations of the le.ss severe type 
( u'gjon.s ir and III, Pig. 1) were found, but the cytological evidence could 
)e interpreted with less certainty. Lonkera japo 7 iica clone 1 (Figs. 3. A, 
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and 6) was tlie most favorable object for these studies, since both normal and 
Y.-i, plastids could be distinguished readily in the heterochondric cells. In 
this case they exerted little or no degenerative action on the normal chloro- 
plasts of mature cells. However, the inability to use changes in cell size as a 
marker^’ for determination of the time of invasion was a disadvantage. 
In this clone the chief indications of limited intercellular migration were the 
occurrence of small isolated irregular patches or islands of normal cells sur- 
rounded by a diffuse transition zone of heterochondric cells in otherwise 
completely variegated areas. Furthermore, there existed a pronounced tend- 
ency for masses of both heterochondric and homochondric variegated cells 
to be delimited by the leaf veins. In the first case the highest frequency of 
v.-i. plastids occurred in the transition zones nearest the surrounding eoin- 



I IG. 5, fSlyirp separation of normal and totally variegated cells of a leaf of Buonymus 
raaimns. Notice difference in cell size. (Semidiagranimatic camera-liicida drawing.) 


pletely variegated tissues, indicating that progressive invasion into the 
normal cells during early ontogenetic stages had occurred. Since vascular 
tissues are differentiated very early it seems likely that migration of v.-i. 
chondriocontes may occur after the formation of the vascular strands, hut 
'before niaturation of the leaf, since there is no extension of the variegated 
area in the mature leaf. 

The establishment of v.-i. chondriocontes in normal cells seems to depend 
on the ability of the invading chondriocontes either to inhibit normal plastid 
development (as occurs m Euonymus) or on their ability to prevent further 
division of the normal chondriocontes or plastids, which are already present 
at the time of invasion. Whether daughter cells will be completely varie- 
gated may, then, depend on either segregation of normal and v.-i. chondrio- 
contes or on early invasion followed by inhibition, of the developjuient of the 
noimal plastids. The simplest explanation for those cases where ne'w growth 
of certain variegated shoots hemmed progressively more variegated and more 
mosaic-like is the occiirreiiee of some invasiom These signs of invasion were 
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never observed in variegations of region I : these always showed relatively 
regular patterns of variegation. The signs of invasion become more pro- 
noiineed the farther one proceeds in the spectrum. Thus in Lonicera 
japonica clone 2 (Kegion lA) the v.-i. plastids are slightly abnormal and 
the symptom pattern is still mainly regular. In Lonicera japonica clone 1 
(Region IIB) as we have seen, the differences between the two type plastids 
are already more pronounced and mosaic patterns of variegation occur. The 
same is true for Xanthium. The most extreme ease is that of Lonicera 
japonica in which the v.4. agent is apparently invisible and transmission 
general 

In general, there seems to be a correlation between the degree of 
abnormality of the v.-i. chondriocontes or plastids (as indicated by size, 
color, or both) and their invasiveness as indicated by a mosaic pattern. 
However^ a small cliondrioconte is not necessarily invasive (see p. 645). 
Furthermore, the smaller the v.-i. chondrioconte, the stronger its effect upon 
the normal plastid. In other words, in order to invade, the v.-i. chondrio- 
eonte has to be small. Since small v.-i. chondriocontes have a strong effect 
upon the normal plastids, invasion, when it occurs, is always linked with the 
more pronounced changes of the normal plastids. 

GRAFT TRANSMISSION OP VARIEGATION 

Graft transmission of chondrioconte-eontrolled variegation would afford 
direct proof of the ability of v.-i. chondriocontes to migrate intercellularly. 
So far in the present investigation graft-transmission studies have been 
limited to 5 species. The results indicate that, while graft-transmission of 
typical ehondrioconte-controlled variegation can occur, such transmission is 
extremely difficult to accomplish. Thus in 10 attempts to transmit mosaic- 
sectorial variegation oi Lonicera japonica clone 1, there was no evidence of 
transmission over 10 months after grafting. Three attempts to transmit the 
variegation of Hedera helix (Fig. 1), and 5 attempts to transmit a mosaic- 
sectorial variegation of AniLrosia trifida (Table 1) also failed although the 
variegated coins grew well for several months after grafting. The vein-yel- 
lowing variegation of Lonicera japonica, L. hrachypoda reiicnlaia Nichols 
of horticulture (14, 16) (Fig. 1), however, was graft-transmitted in more 
than 10 cases to several green varieties of L, japonica. The first symp- 
toms usually developed on the stock plants 30 to 60 days after grafting. 
Movement of the variegation-inducing agent (as judged by symptom 
response) was through the vascular system. Secondary graft-transmission 
from graft-infected plants was readily accomplished. Plants infected 10 
months earlier grew vigorously and are continuing to show symptoms on 
new growth. 

Eiglit attempts to transmit the white mosaic-sectorial variegation of 
Eiionymus radicans to E. japonica were made. Observations have been 
continued tor over 200 days, but no evidence of successful transmission 
lias oecuirred. However, of 6 attempts to transmit this variegation to green 
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Days after 
grafting 

Number branches 
on whole plant 

Variegated 

shoots 

Per cent of 
branches 
variegated 

Severity of symptoms 

0 

77 

137 

274 

ap. 40 

56 

91 

121 

0 

8 

12 

21 

0 

14 

13 

17 

All healthy 

Very slight 

Slight to pronounced 
Slight to pronounced 


Tc^\ZL cion .vas about 

. on^ and bore several heavily variegated leaves. Good union was 

secured between a nodal region of the cion and a sub-terminal node of a 

Zr^d" onThe faGe ^’^oms w r^ 

obseived on the latter 77 days later in 8 separate branches of about the 

same age Seven of the infected shoots bore one or two leaves each with 

small flecks of variegated tissue (Fig. 7, A, B). The apical meristems were 








days after 

variegation only; B, leaf and' apiLl ;ned.stL ?ari4aH°^^^^ 
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not mvolved, except in the eighth shoot (Fig. 7, B). That the symptoms in 
each of these 8 branches were primary was evidenced by the complete ab 
senee of symptoms anywhere else on the plant at this time. The infected 
stem tip on the eighth branch was separated from the original ino'rafted 
variegated cion by 35 nodes, or a distance of approximately 69' centimeters 
The v.-i. agent presumably moved this distance through the vascular chan- 
nels and then entered the parenchymatous cells of the leaf primordia or stem 
tip. It gradually continued to spread to other parts of the plant enteriiw 
the apical meristenis of several branches. The tendency for the v.-i. chom 
drioeontes to remain localized is demonstrated by the subsequent behavior 
o± apparently symptom-free cuttings, which were removed from the infected 
plant. Thus, 4 variegated cuttings removed 95 to 170 davs after oTaftiiw 
produced only variegated plants in Avhich 17 of a total of ^ branches werl 
variepted, some heavily. Five green cuttings removed 92 to 152 davs after 
grafting produced 3 variegated plants ivith 7 out of a total of 17 branches 
variegated (only traces of variegation in some), and 2 noii-variegated plants 
ivith a total of 17 branches. On the original infected plant some very 
rapidly growmg shoots have apparently grown away from the. variegation 
Similar localization of the virus of Abutilon mosaic and slow-moving strains 
ot tobacco mosaic have been reported (15). In all of the varieo-ated 
branehes^of the_ infected plants the symptoms are mosaic-sectorial or sec- 
toimA Thus distribution of v.-i. chondrioeontes in leaf parenchyma is 

ciiefly by cell division, even though they may move long distances throiwh 
the vasculai’ tissues. ' * 

SEXUAL INHERITANCES OP VARIEGATION 

Studies of sexual inheritance of v.-i. chondrioeontes were limited chiefly 

hv detailed results will be published later 

bj Miss J L. Showacre, certain data are presented here. The light--reen 

SbSt T ^ investigated, 

dint ?r chondrioeontes proved to be matro- 

1JU.S. Flowers produced on periclinally variegated shoots (Fig. 8) gave 
completely variegated progeny, which soon died. Flowers of seetoriallv- 
vai legatee shoots (Fig. 8, A), however, produced normal green, eompletelv 
variegated, and sectorially variegated seedlings (Fig 8 C) Many of tlm 

w r otetr seedlings obtained from a pericliJallv 

in X completely variegated and died. 

Ii otliei voids, It seems that continued sexual propagation of varieo'ation 
depends upon maintenance of the mosaic sectorial pattern. 

ORIGIN AND frequency OP VARIEGATION 
1 ,., ancons origin of a recognized virus in a previously virus-free plant 
evohdTotrvtffemir hi harmony with a theory of their gradual 

eiolutionaij differentiation from chondrioeonte nueleoproteins. The spon- 
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taneous development of chondrioconte-controlled variegations, on the other 
hand, has been observed in the present investigation. Thus the two varie- 
gated clones of Antirrhinum (Table 1) appeared in a progeny of approxi- 
mately 1,000 seedlings from nonvariegated parents (we are indebted to 
Mr. P. B. Winkler for these clones). The variegated haploid clone of 
Capsicum (Table 1) arose as a single branch on the mother plant, which waS 
over 6 months old. This haploid has been described in detail by Christensen 
and Bamford (3) from whom the variegated clone was obtained. 

Field surveys of large populations of several species indicate that the 
frequency of variegation in nature is low (one in several thousand or million 
individuals), but more than enough to support the present theory. Ap- 
proximate counts in selected regions of Maryland, for example, have shown 
that in Amibrosia trifida plastid mutation occurs relatively often (one in 
several thousand), whereas in Xanthium the frequency in most locations is 
much lower. One exceptional colony of Xanthium how^ever, was found 
in which approximately 100 variegated individuals were observed in an area 
covering about one-half acre of ground. All of the variegated individuals 
but one were of the same white form. The one exceptional plant possessed 
light-green variegated plastids. Circumstantial evidence indicates that the 
variegated colony was produced by sexual reproduction. This is borne out 
by the occurrence of sectorially variegated seedlings in progeny obtained 
from 2 of these plants. So far only 2 mosaic-sectorial variegations have 
been found in Lonicera japonica (Table 1), although many thousands of 
plants have been examined. The vein-yellowing variegation in this species 
(Pig. 1) has been collected from 3 widely separated localities in Maryland, 
but each seems to represent an escape from an original clone that presum- 
ably traces back to a form long circulated in commerce (16). Also, over 
20,000 black raspberry plants were examined in detail and only 2 cases of 
plastid-eontrolled variegation were found. In one locality over 3,000 plants 
of Plantago lanceolata were examined without finding a trace of variegation, 
although 2 sectorially variegated clones were found elsewhere. Informa- 
tion is rapidly accumulating indicating that almost any higher plant species 
may develop plastid-eontrolled variegation. 

DISCUSSION 

That certain variegations involving the ehloroplast are to a certain 
extent under plastid control has often been indicated (5, 6, 12, 17). So far 
as the writers are aware, however, previous evidence for intercellular migra- 
tion of plastids or proplastids is considered inadequate. Our studv indi- 
cates that when such migration does occur it is while the plastids are in a 
(iioiulriosomal eonclitioii. Intercellular passage of these cliondriosomes or 
t icir essential constituents could probably take place through plasmodes- 
niatd. The concurrence of all conditions requisite for intercellular passage 
of chondrioHomes or their essential constituents would be realized only at a 
critical stage in the ontogeny of the cell. This stage probably occurs before 
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maturity of the tissues. That the chief means of distribution of chondrio- 
somes in the leaf tissues, however, is through cell division is obvious from 
the chimaeral structure of variegated leaves. The actual demonstration of 
intercellular passage of chondriocontes or their essential constituents is 
probably not possible with existing techniques, but strong evidence that such 
intercellular movement of chondriocontes really does occur has been 
obtained in the present study. The facts constituting this evidence cannot 
be explained by existing theories of ehondrioeonte segregation. They con- 
sist of the 3 groups of observations in favor of intercellular migration, which 
are presented here: (1) the manner in which heterochondric cells are dis- 
tributed in the symptom pattern of certain types of variegations, (2) the 
varying degrees of inhibition of cell development of heterochondric cells in 
the transition zones, Avhich sometimes occur between normal and variegated 
areas (Pig. 4), (3) the transmissibility by grafting. This evidence for 
limited invasion allows a further eompari.son of chondrioeonte-eoutrolled 
yariegations and viroses. 

The most important obstacle to the establishment of a connection between 
variegations and viroses was the difference in migration of the agent, which 
causes the abnormalities. A detailed survey of the field of plant viroses, 
however, reveals that they can be arranged in a series in respect to a pro- 
gressively more pronounced invasiveness (13). Those that are the least 
invasive {e.g., Euonymus- and Abutilon-mosaic viruses) are also those that 
produce symptoms more closely resembling certain chondrioconte-controlled 
variegations. Thus, again, this comparison constitutes further evidence 
for the evolution of viruses from variegation-inducing chondriocontes. 

Since chondriocontes have definite powers of mutation and lieredity, 
they are subject to natural selection. Furthermore, since the v.-i. ehondrio- 
eontes can multiply in previously normal cells, and may retard or prevent 
the development of normal chloroplasts in those cells, it is obvious that the 
abnormal chondriosomal types are able to compete with the normal types for 
substrate. A similar competition between tobacco mosaic virus and normal 
plastids has already been reported (21). This constitutes a further paral- 
lelism of variegations and viroses. 

A review of the data already publi,shed and of new data obtained in the 
present study indicates strongly that mutations within the ehondrioeonte, 
coupled with natural selection of more stable, actively multiplying, and 
invasive types may have resulted in the occurrence of such slowly invasive 
and probably unstable viruses as those causing Euonymus mosaic, Abutilon 
mosaic, etc., and through more extreme modification in viruses like the 
tobacco-mosaic virus proteins, which are very stable and highly invasive. 
These former viruses may still possess the complex coacervate lipoid-pro- 
tein structure of chondriosomes. Thus cerfain vinuses may be considered 
as dcriralives of the chondriome, which ham hecome modified through evolu- 
tion, rather than as derivatives of ‘parasitic micro-organisms. This agree.s 
with Dufreuoy’s observations that a virus that causes localized necrotic 
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spots but fails to become systemic is a virus that fails to induce systemic 
liberation of the protein fraction from the lipoprotein stroma of the plastids 
(Phytopath. Zeitsch. 5: 290-301, Fig'. 7), whereas a virus that becomes sys- 
temic causes the protein in the plastids to become remobilized into amino 
acids, such as tyrosin and leucine (Z.c., Pig. 8; also P. Z. 2, p. 384, Pig. II). 
Chondrioconte-controlled variegations, therefore, are not necessarily virus 
diseases, although they may be potential starting points for the evolution of 
viruses, particularly in perennial plants. For instance, graft-transmissible 
variegations, such as that present in Euonymus^ might be considered as 
proto-viroses. 

Further evidence of evolution would consist in the demonstration that 
the chondriosomal or plastid j)rotein complex of higher plants contains a 
ribose nucleoprotein of the same character as the known virus-ribo-nucleo- 
protein. This proof will be presented in another paper (7). 

While the possible occurrence of drastic mutations in the chondrioconte 
nucleoprotein, leading directly to the formation of a ^ ‘ monomoleeular ’ ^ virus 
cannot be excluded, the failure to demonstrate the spontaneous origin of any 
such viruses indicates that a more gradual type of evolution has occurred. 

SUMMARY 

Certain plastid-controlled (chondriosome-controlled) variegations can 
be arranged into a series or spectrum, depending on the extent to which the 
plastid structure and function is modified. Consecutive regions of this 
spectrum show an increasing similarity to certain virus diseases. 

In general, plastid-controlled variegations are characterized by typical 
sectorial or periclinal chimaeral structure in the variegated leaves. Many 
mosaic sectorial variegations occur, however, that suggest that variegation- 
inducing chondriosomes may actually invade normal cells by intercellular 
passage at some critical stage of ontogeny. 

The variegation-inducing chondriosomes often behave like viruses with 
respect to their physiological action on the cell. 

A variegation of Eiwnynius^ that appears to be of the chondriosomally 
controlled type, was transmitted by grafting to a previously nonvariegated 
stock plant. 

V ariegations usually are inherited matroclinously, as are viruses. 

It is suggested that viruses have been derived through mutation and 
natural selection from constituents of the chondriosomes rather than from 
preexisting parasitic microorganisms. 

The spontaneous origin of variegation has been observed in several 
cases. Furthermore, the frequency of such plastid mutations in nature is 
sufficient to furnish a basis for the present theory. 

Department op Botany, 

Maryland Agricitltitral Experiment Station, 

College Park, Maryland. 
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EOOT ROTS IN STORAGE OP DECIDUOUS NURSERY STOCK 
AND THEIR CONTROL^ 


George Y. Youngs 


(Accepted for publication December 30, 1942) 


In Federal and State nurseries in the United States large quantities of 
numerous species of trees, shrubs, and vines have been grown annually for 
use ill reforestation and in soil conservation. For the most part these were 
transplanted to their permanent locations in the early spring as 1-year seed- 
lings. To make such seedlings available for spring planting, usually they 
are dug in the preceding fall and stored over winter in heel-in trenches 
outdoors or indoors in packing sheds, root cellars, or eaves. 

In outdoor heel-in beds, as well as in indoor storage in nurseries in the 
Upper Mississippi Valley, large quantities of nursery stock have deterio- 
rated every year by molding and rotting of the roots. This is distinct from 
the stem, rot reported by Gilman and Sproat^ and was a more common cause 
of losses. In the winter of 1937-38 at an Iowa nursery the entire stock of 
black locust {BoUnia pseudoacacia L.) in overwinter storage was lost from 
such injuries. At a Minnesota nursery the annual losses of black locust 
seedlings have equaled 20 to 50 per cent or more. Other species growm in 
nurseries, suffering from root rot in storage, were especially Osage orange 
{Madura pomifera (Raf.) Schneid.), Russian mulberry (Monts alba f. 
tatariea (L.) Ser.), black walnut (Juglans nigra L.), wild plum (Prmms 
americana Marsh.), bur oak (Qiierciis ynacrocarpa Michx.), and tulip tree 
(Liri odendr on ttilipif era Ij.) , 

In the fall of 1938 a study was undertaken in an Iowa nursery to deter- 
mine the cause of these losses. Plants of the species mentioned above and, 
in addition, green ash (Fraxinus pemisylvanica var. lanceolata (Berkh.) 
Sarg.), Siberian pea tree (Caragana arborescens Lam.), gray dogwood 
(Cornus racemosa Lam.), climbing bittersweet (Celastrus scandens L.), 
Siberian elm (Ulmis pumilaJj.), Tatarian honeysuckle (Lonicera tatariea 
L.), riverbank grape (Vitis ripaTia Michx.), and prairie rose (Rosa setigera 
Michx.), were subjected to a wide variety of storage conditions outdoors in 
heel-m beds of soil, sand, shingletow, and sawdust, mulched and unmulched, 
and indoors in packing sheds, root cellars, caves, and refrigerators. Indoors 
the plants were ricked or heeled-in in shingletow, sphagnum, or sand. In 
ricking (shelving) the plants were stored by the root-to-root method and 


_ 1 This work was a cooperative undertaking between the Division of Forest Pathology, 

Bureau of Plant Industry; the Department of Botany and Plant Pathology, Iowa State 
v -ollege; and the Nursery Division of the Soil Conservation Service. This paper is based 
on a more detailed report by George Y. Young and Albert P. Dodge, ^^Stoi’age Losses of 
JUack Locust and other Deciduous Nursery Stocky ^ Mimeograph, 43 pp. 1941. 

^ Assistant Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant In- 
dustry, U. h. Department of Agriculture; formerly Assistant Forest Pathologist, Civilian 
( onservatio!! Corps, Buremi (^‘ Plant Industry, Dnited States Department of Agriculture, 
uiiimin, d 0 and B. B. Sprout. A F'ltiiarium following frost iniurv oi Mohinia, 


Gilman, J. and IL B. Sprout. A following frost injury of liohinia, 

Iowa Academy ot Science Proceedings 43: 101 - 106 . 1936. 
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some hy the root-out method, and the roots of some were protected and those 
of others were left bare. Where a protective medium for the roots was used, 
different levels of moisture content were used. Temperature and relative 
humidity of storage also were recorded. Similar series were replicated in 
a Minnesota nursery where losses usually have been severe and a Missouri 
nursery where losses seldom were serious. 

DESCRIPTION OP THE ROOT DECAY IN STORAGE 

One of the first symptoms of the root deterioration referred to above is 
a certain stickiness, noted on handling the affected roots. Later, they ap- 
pear to be wet; 'water-soaked areas of a darker hue than the healthy areas 
then become manifest. The latter usually appear first on or near the root 
extremities. The water-soaked areas may appear, however, on any part of 
the root from the soil collar down. These lesions enlarge and may coalesce 
to form extensive affected areas. Later, desiccation and shriveling occur, 
and almost invariably a gray- white to pink mycelium covers the affected 
areas. When a partly shriveled and molded root is cut longitudinally, the 
area of decay is evident by the discoloration of the cortex. At a later stage 
of decay, when most of the root is molded, the cortical tissues become flaccid, 
and the cortex may be easily opened with the fingers wuthout cutting. At 
or just prior to this stage of decay, the cortex tissues of the root become 
‘‘thready’’ and may be separated into strands. Still later the entire root 
becomes soft and mushy. Only in very few eases has this condition of the 
root extended beyond the collar into the stem. 

STORAGE STUDIES WITH BLACK LOCUST 

One phase of the work undertaken at Iowa was a study of the relation 
of the time of lifting of stock to the incidence of decay in storage. Plants 
of black locust w^ere lifted at intervals in late fall and stored, both indoors 
and outdoors, under various methods of storage. The results of this work 
are summarized in table 1. 

Examination of the table will show that in the packing shed nearly all 
of the root rot occurred in plants lifted on Nov. 7 and Dec. 14 when tempera- 


TABLE 1. — Percentage^ of root rot in blade locust as related to date of digging, air 
temperature, and storage treatment. Iowa, 19 S9 


Date 

stock 

lifted 

Temperature (°P.) on 
day of digging 

Kicked in 
packing 
shed 

Heeled'in 

1 In soil 

In sliingle- 
tow 

outdoors 

! 

' Min. i 

Max. 

7 p.m. 

In root 
cellar 

Out* 

doors 

Oct. 28 

36 

77 

57 

0.3 

3.3 

0.1 

88.0 

Nov. .4 

40 

44 

42 


9.0 

0.0 

57.0 

,Nov. 7 

26 

30 

28 ■ ■ 

13.3 




Nov. 12 

42 

64 

44 

0.0 

2.9 

0.0 

73.0 

Dec. 6 

25 

45 

39 

0.8 

20.0 

72.0 

79.0 

Dee. 14 

20 

33 

20 

27.3 

100.0 

100.0 

100.0 


a Based on examination of 200 plants in each ease. 
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toes below freezing prevailed at tbe time the plants were being lifted, since 
the maxima for these two dates are 30° and 33° P., respectively. Also, all 
plants stored in shingletow heel-in beds, outdoors, regardless of the date of 
lifting, suffered heavily from root rot. In the soil heel-in beds outdoors in 
the case where 72 per cent of the plants rotted, large air pockets were found 
in the heel-in trench due to faulty heeling-in, which resulted in the roots of 
these plants being inadequately protected from mass movements of cold air 
within the trench. For plants lifted on Dee. 6 it is possible that at least 
part of the stock was lifted in temperatures below freezing. 

For the greater part of the work undertaken in Iowa the plants were dug 
on Nov. 12, with the temperature considerably above freezing (Table 1). 
Results of examination of some 10,000 plants are given in table 2. 

TABLE 2 . — Percentage of root rot in llach locust as related to method of storage, 
lotua, 19S9 


Indoor storage, all methods of storage less than 0.5 

Outdoor storage : 

Heeled-in in soil less than 0.1 

Heeled-in in coarse sand, mulched 8.3 

Heeled-in in coarse sand, nonmulehed 27.0 

Heeled-in in shingletow, mulched and nonmulehed 100.0 

Plants left in nursery rows for spring lifting 0.0 


The data in tables 1 and 2 show: 1. All plants lifted in temperatures 
above freezing and stored in adequate storage suifered little or not at all 
from root rot ; 2. All plants lifted in temperatures below freezing,"^ that is, 
plants whose roots were exposed to temperatures below freezing, all suffered 
heavily from root rot regardless of the method of storage ; and 3. All plants 
stored outdoors in porous media, such as shingletow or coarse sand, that is, 
media that permit mass movements of cold air within the heel-in trench, 
suffered heavily from root rot. It appeared, therefore, that root-rot damage 
depended on whether or not the roots of the plants were exposed to tempera- 
tures below freezing, either at the time of digging or in improper storage. 

As already noted, the storage studies undertaken at the Minnesota and 
Missouri nurseries were substantially the same as those undertaken in Iowa. 
Table 3 summarizes the results of the work in Minnesota. 


TABLE 3 . — Boot rot in hlaelc locust as related to storage method. Minnesota, 1939 


Materials 

Indoor storage 

Outdoor storage 

Plants left 

Nursery stock 

liicked and 
heeled-in 
in cellar 

Ricked and 
heeled-in 
in cave 

Heeled-in 

in 

sawdust 

Heeled-in 

in 

shingle 

Heeled-in | 
in 
soil 

rows for 
spring 
lifting 

Hoot rot percentages! i 

35.0 1 

35.0 1 

100.0 

1 100.0 1 

35.0 1 

0.0 

PlantH exu mined . . 

1 10,500 ] 

1 1,200 1 

600 1 

1 600 1 

600 1 

1,000 


« Piu'ctMitage figures are average values for several tests. 


The losses in outdoor storage in shingletow and sawdust were total In 
all other forms of storage the amount of root rot proved curiously uniform. 
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varying from about 25 to 40 per cent, and averaging close to 35 per cent for 
all tests. This unusual uniformity was explained when it was found that 
at this nursery it required 12 days to lift the stock of black locust and on 5 
of these days freezing or below freezing temperatures prevailed Thus 
approximately 42 per cent of the stock was exposed to freezing or below 
freezing temperature while it was being lifted. After lifting, the stock was 
transported to temporary storage pending grading and culling This p ilin g- 
up of plants lifted on different days, and the grading and culling operations 
mixed the plants lifted under different temperature ranges. Unwittin"ly 
plants from this mixture were selected the preceding fall for the storao-e 
tests. In such a mixture one would expect something less than 42 per cent 
of the roots to have been damaged by freezing and the recorded root decay 
of 35 per cent approached this figure in all forms of good storage where tern- 
pci9,tiir6S after storag*e seldom were below 40*^ F. 

At the Missouri nursery appreciable amounts of root rot occurred only 
in shingletow and sand heel-in outdoor beds that were not mulched. The 
results obtained at the Minnesota and Missouri nurseries were consistent 
with the freezing relations deduced from the work in Iowa. 

STORAGE STUDIES WITH OTHER DECIDUOUS SPECIES 

The results of storage studies in Iowa with nursery species other than 
black locust are summarized in table 4. 

Freezing injury of the roots apparently is the primary cause of root 
decay in storage of these species, as well as of black locust. In storage in 
shingletow outdoors the roots of all species except Siberian pea tree suffered 
heavily from root rot. In sand storage outdoors, a larger percentage of root 
rot occurred in the nonmulehed than in the mulched beds. In soil, which 
was the densest heel-in medium used, the percentage of root rot was the least. 
In all indoor storage there was virtually no root rot, except for mulberry, 
binee this species also suffered heavily in soil storage, it is probable that at 

least part of the stock of mulberry was lifted while temperatures were below 

freezing. 

It seems evident also that plants of different species vary in their toler- 
ance of, or resistance to, low temperatures. Siberian pea tree, for example 
escaped injury in all forms of storage where other species suffered much! 
breeii ash is another, even hardier, species. The case of 77 per cent loss in 
shingletow storage is misleading. The molded condition of the roots was 
associated with severe injury to the roots by rodents. Osage orange, black 
walnut, and Russian mulberry are species that were found to be more sus- 
ceptible to temperatures below freezing. 

experimental exposures op seedlings to sub-preezing temperatures 

The close relationship observed between exposure of the roots of plants 
to sub-freezing temperatures and the amount of root rot in storage called for 
a direct test of this factor. A preliminary test is described below. 
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On a February morning -with the temperature at 17° F 160 healthv 
black locust seedlings were taken from indoor storage and spread outdoors 
At mte™h of 20, 35, 60, 120, 165, 240, 800, md 360 minutes, 20 pknts were 
returned to mdoor steruge. Euch lot of 20 plants wm. divided Lto 2 loose 

In , . " ^ 2 !>■“» --"tted roots 

were added to seive as inoculum and a source of infection, while none was 

added to the other bundle. After exposure, all plants were stored indoors 
in moistened shmgletow. Unexposed plants, with and without rotted roots 
served as controls. The temperature at the beginning of the test and at the 
end of each interval of exposure noted above was 17 17 17 i« on oq 9;^ 
25, 25 degrees F. > > 23, 2o, 

In this test all plants exposed to these temperatures, even for the short 
period of 20 minutes, suifered heavily from root rot in storage. The average 
OSS for the 8 intervals of exposure was 92.5 per cent, and in no ease was the 
loss less than 80 per cent. The plants to which rotted material was not 
added rotted just as completely as did those to which this material was 

added. All 20 plants not exposed to outdoor temperature remained healthv 
and entirely free from rot. 

This preliminary work left little doubt that exposure of the roots to tem- 
peratures below freezing was the primary condition for the development of 
root rot in storage. There remained the problem of determining in more 
detail the temperature and duration of exposure that will effect permanent 
injury to the roots. 

I . exposing plants of various species to artificially regu- 

during the storage season 
of 193^0. The thermostatically regulated refrigerator of the Botany and 
Plant Pathology Department of Iowa State College wms used for this pur- 
pose. The results of this work are summarized in figure 1. 

Plants of the species noted in figure 1 were exposed to the ranges of 
temperature indicated by the arrows for periods of 5, 10, 20, 30 45 60 120 
240, and 360 minutes. Plants of Rohinia, for example, were ’exposed for 

temperature ranges giyen, which are: 

II 13 F., 15-16.5 F., and 2A-25° F. The roots of all plants of in 

a 1 tests, exposed for 20 minutes or longer to any of the temperature ranges 
™ overwinter storage. Likewise, plants of the genera 
Uinim, Madura, and Morus required an exposure of only 20 minutes to a 
temperature range of 2^25° F. to effect permanent inju;y and predispose 
the plants to root decay in storage. Plants of JugUns were exposed only 
0 the temperature range of 11-13° F. For this temperature the critical 
^el IS 30 minutes, that is, plants exposed for 5, 10 and 20 min- 

utes all fared well in overwinter storage, indicating that they were not 
permanently injured, while for exposures of 30 minutes or longer, the roots 

Quercus, exposed only to the temperature 
^ai^e ot 10-13 F., succumbed to root rot only after an exposure of at least 
minutes. Plants of Caragana, not noted in the diagram, were exposed 
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to a temperature range of 12-17° P., but did not succumb to root rot until 
after an exposure of 120 minutes or longer. Plants of Praxiniis all fared 
well in storage, even after an exposure of 360 minutes or six hours to a 
temperature of 12-14° P. 

AVith plants of Prunus the results were somewhat erratic. In 2 tests 
these plants succumbed to i*oot rot after an exposure of only 20 minutes to 
temperatures of 15-16.5° and 21-23° P. In a third test the roots of the 
plants did not rot until after an exposure of 45 minutes or longer to a tem- 
perature range of 12-17.5° P. The type of root deterioration also differed 


Quereus 

— — - — ^ 


£ 43-1 


: 30 * 


20 J 


10 - 


Pniuiis 


Plants of tlie .species noted liere suffered heavily 
from root rot in .storajre followiiifr c.xpo.sure to 
the range of temperature indicated by the arrows. 
The name of the {)lant appears at the critical 
level of temperature below which for all dura- 
tioirs of exposure a.s the one u-iven or longer the 
plants .suffered hea^•ily from root rot in over- 
winter storage. For the temperature ranges 
given and for all duratioms of expo.sure shorter 
than the one indicated, the plants remained 
healthy in overwinter .storage. 
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All plants remained healthy in overwinter storage 


"T” 

n 


“T” 

12 


10 n 12 13 u 

Temperature (Degree.s Fahrenheit) 

Fig. 1 . Critical temperatures of exposure for various nursery species. 

m various tests. The type described for BoUnia occurred sometimes, while 
m other tests the roots simply would dry and subsequently die wdth blue or 
green molds covering most of the plants. 

the hole op fungi in the production op root rot in storage 

The tissues of rotted roots were almost invariably tinged with pink 
streaks, indicating the presence of Pusarmm .species. A Fusarium was 
always isolated from rotted roots. Other organisms isolated from rotted 
roots were species of AUermriu, Mueor, Rhkopus, PemiciHmw, a species of 
bacteria and a fungus designated as isolate #6, which was not identified. 
Of these lattm-, Allmiana ms the fungus most frequently i.solated. 

bach of the above-mentioned isolates was inoculated into 10 healthv seed- 
lings of black iocmst through root incisions. The wound and inoculum were 
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wrapped with gauze and the plants were stored indoors in loose bundles of 
10 plants protected with moist shingletow. Controls consisted of 10 addi- 
tional healthy plants, similarly incised on the roots but without inoculum. 
After 60 days of storage the plants were examined and the following results 
were observed. 

All 10 plants inoculated with Fusarmm sp. showed some infection. The 
spread of infection from the point of inoculation in no case extended more 
than 2.5 cm. on either side of the wound. In 4 plants of the 10 the infection 
had penetrated to the side opposite from the wound, thus girdling the root. 
Some softening of the tissues in the immediate vicinity of the wound was 
noted but no progressive rotting up and down the root was evident. In 
plants first injured by low temperature the roots deteriorated in 2 or 3 
weeks. 

Six plants inoculated with Alternarm sp. showed some infections, while 
the other 4 remained entirely healthy. In the 6 plants showing infection 
the discoloration penetrated only to a depth of 3-4 mm. and extended for 
about 1.25 cm. on each side of the wound. No softening of the tissues or 
progressive rotting of the roots was evident in any of the plants. 

The other organisms used for inoculation failed to infect any of the 
plants and remained perfectly healthy in storage. All control plants that 
were incised but not inoculated remained healthy. 

These results indicate that species of Fusarmm are probably weak para- 
sites of black locust, unable to seriously parasitize healthy plants but able 
to infect and cause root decay to injured plants as by freezing or by severe 
wounding. It is not unreasonable, therefore, to ascribe a secondary role to 
these fungi in the rotting of the roots of deciduous nursery stock in over- 
winter storage. 

DISCUSSION 

The role of sub-freezing temperatures in predisposing nursery plants to 
root rot in overwinter storage has been showm in the preceding text. The 
storage w^rk described for Iowa and Minnesota was repeated during the 
1939-40 season with strikingly similar results. Cases of root rot in tempo- 
rary field storage were traced repeatedly to unwitting exposures of the 
plants to temperatures below freezing as by leaving lifted plants overnight 
without adequate protection or leaving undercut stock in the nursery over- 
night, to shipping plants long distances in cold weather in plain unheated 
railway cars, or to faulty heel-in practices that permit mass movements of 
cold air within the heel-in trench as by using shingletow, sawxiust, coarse 
sand, or insufficiently thick layers of soil in the heel-in trenches. A service 
memorandum issued to action agencies in the field warning of the danger of 
lifting stock in sub-freezing temperatures and of storing stock in improper 
storage resulted in elimination of practically all storage losses from root rot 
for 3 consecutive years where previously losses w^ere experienced every year. 

It has been noted earlier that losses of nursery stock at the low- a and 
Minnesota nurseries have been repeatedly serious, wdiile at the Missouri 
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nursery losses were seldom appreciable. Climate and local weather largely 
account for these differences. At the Missouri nursery only occasional 
severe temperatures occur before January and such spells of very cold 
weather are brief and transitory. At the Minnesota nursery, on the other 
hand, low temperatures may set in as early as the beginning of October. 
The nursery in Iowa is approximately midway, geographically, between the 
Minnesota and Missouri nurseries. Climatically it is much “nearer” the 
Minnesota nursery. At the Missouri nursery the plants for overwinter 
storage are lifted in December ; at the Minnesota nursery, early in Novem- 
ber ; at the Iowa nursery, throughout November. A comparison of tempera- 
tures during periods of plant digging at these 3 nurseries showed that in 
Iowa freezing or sub-freezing temperatures prevailed in 8 of the 20 days 
required to lift the stock of black locust, or 40 per cent of the time ; in Minne- 
sota four days of the twelve, or 33 per cent of the time; while ik Missouri 
the stock was lifted in 10 days in the month of December, and in every one 
of them mild temperatures prevailed. In view of these data, the weather 
factor explains why storage root rots in Iowa and Minnesota have been con- 
sistently serious, while in Missouri they have enjoyed considerable freedom 
from such troubles. 

The conclusion is drawn that freezing injury has been the primary cause 
of major root deteriorations in storage of nursery seedlings in nurseries of 
the Upper Mississippi Valley. Fungi, of course, especially species of 
Fusanum, are essential to the destructive processes in root decay ; but these 
activities must be classed as secondary in importance. 

Differences in the relative resistance to low temperatures of the various 
species of plants used in these experiments are to be noted. Plants of black 
locust, Siberian elm, Osage orange, Eussian mulberry, and wild plum appar- 
ently are the least resistant ; while plants of Siberia^ pea tree and green ash, 
especially the latter, will withstand exposures to lower temperatures and for 
longer periods without serious injury. 

SUMMARY AND RECOMMENDATIONS 

Bather heavy losses of nursery seedling stock have been under observa- 
tion at 3 nurseries in the Upper Mississippi Valley. It was found that 
freezing injury to the roots at the time of lifting, in transit, or in inadequate 
storage have been primarily responsible for root deteriorations in storage. 
The roots of several species of plants may be injured by short exposures to 
temperatures only a few degrees below freezing. Nursery practices that 
may lead to injup^ of nursery stock if carried out under sub-freezing tem- 
peratures are : lifting of stock, leaving undercut stock in loosened ground, 
transT>ortmg or other outdoor handling of unprotected stock, storing plants 
m outdoor heel-in beds without adequate protection to the roots from low 
temperatures (as when stored in sawdust, shingletow, coarse sand, or shallow 
SOI eoitrmg), and storing plants indoors in poorly insulated structures that 
iail to keep temperatures above freezing in the coldest periods. In storage, 
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plants thus injured were found invaded by numerous fungi the most com- 
mon of which were species of Fiisarium and AUernaria, In wound inocu- 
lations Fiisarmm produced small local lesions on the roots of healthy plants 
but none of the organisms used caused extensive decay. Adherence to tenta- 
tive recommendations formulated as a result of this work has reduced stor- 
age losses to a negligible figure in nurseries where there had previously been 
frequent losses. 

As far as practicable deciduous nursery stock should be lifted and 
handled when the temperature is above freezing. This policy should apply 
especially to the following species : black locust, Siberian elm, Osage orange, 
black walnut, Russian mulberry, and tulip tree. If lifting of stock must 
be done at temperatures below freezing, it should be confined to species such 
as green ash or Siberian pea tree, which are more resistant to low tempera- 
ture. 

For outdoor storage in the northern nurseries, deep heeling-in is im- 
portant. Loamy soils are preferred for this purpose to insure good root 
protection in the trench and good drainage. Avoid heeling-in stock in 
porous media as shingletow, sawdust, or coarse sand in regions where winters 
are severe. As a sanitation measure, heel-in sites should preferably be 
rotated from year to year. 

Storage facilities such as packing sheds, root cellars, and caves, wdiere 
temperature fluctuations are controlled within narrow limits above freezing 
(34® to 50® F.), and where a high relative humidity is maintained, appear 
to be safe for storing most deciduous nursery stock over winter. 

Care should be exercised in lifting and handling nursery stock so as 
not to injure the roots any more than is absolutely necessary, since wounds 
open the way for infections. In grading large quantities of nursery stock 
all plants that show severe mechanical injuries to the roots or that show 
lesions, molds, and other types of root infection should be discarded. 

When nursery stock, especially of the frost-susceptible species, is shipped 
in bales or crates it should not be placed outdoors in improvised shacks, in 
unheated nursery buildings, or in unheated railway buildings during freez- 
ing weather j and the planting operations themselves should not be done in 
such weather. Weather Bureau information can be used as a guide in ship- 
ping to avoid exposing nursery stock to sub-freezing temperatures while in 
transit. 

Mississippi Agricultural Experiment Station, 

State College, Miss. 
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HISTOLOGICAL STUDIES OF INFECTIONS OF THE COTTON 
HYPOCOTYL BY GLOMEKELLA GOSSYPII AND 
FUSABIUM MONILIFOPME 

Thomas J. Habeoldi 
(Accepted for publication December 21, 1942) 

INTRODUCTION" 

Altlioiigli several reports have been made concerning tlie pathogenicity 
of Glomerella gassy pii (South.) Edg. and of Fusarium moniliforme Sheld. 
(1, 2, 3, 4, 5, 6, 7, 8) in cotton seedlings, apparently none has dealt with the 
problem from the histological point of view. It is the intent of this study 
to present histological evidence concerning the pathogenicity of the two 
organisms. 

materials and methods 

Acid-delinted seeds of Gassy piuni hirsutum variety, “College No. 1/’ 
were immersed for 10 minutes in a 1-1000 aqueous solution of HgCl 2 , washed 
Avith sterile water, and dried. They were then divided into 3 lots ; one lot 
being plated directly on water agar to serve as a cheek, the second lot was 
thoroughly mixed in a spore and mycelium suspension of Glomerella 
gossypti derived from a single-spore isolate and plated on water agar, the 
third lot was mixed with a similar suspension of Fusarium moniliforme de- 
rived from a single-spore isolate and plated as above. The isolates from 
seedlings to provide the inoculum used in this experiment, had previously 
been shown by T. J. Eatcliff to be virulent strains (unpublished data). 
Each lot consisted of 80 seeds plated in 20 Petri dishes containing 4 seeds 
each. The incubation temperature was 27° C. Fixations, in formal-acetic- 
aleohol, consisting of the seedlings from 2 plates from each group, were made 
daily for 8 days beginning on the second day following inoculation. Serial 
paraffin sections of a thickness of 20 p, stained with. Johansen’s quadruple 
stain, were used. 

results 

Germination proceeded rapidly under the conditions of the experiment. 
As a result, the hypocotyls of most of the seedlings in all of the groups ex- 
tended I to f inch beyond the seed coat on the second day after inocidation. 
The hypocotyls of the seedlings of the check group continued to elongate 
until at the conclusion of the experiment (10 days), they had attained 
lengths of 3 to 5 indies. No lateral roots were formed and no evidence of 
infection, was observed on any of the cheek seedlings. 

Mycelium of Glomerella gossypii wbls found growing on the agar on the 
second day after plating. During the course of the experiment the hyix)- 
cotyls infected with this fungus attained lengths of little more than 1 inch, 

1 T!ie writer in indebted to George E. Thompson for the single-spore isolations, to 
- .1. Rateliff for ass istanee in the growth of the seedlings, and to 0. K. Eleteher, Jr., for 
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Fig. 1. Diseased cotton seedlings. A. Seedlings inoculated witli Fusarium rnonili- 
forme, showing formation of lateral roots. B. Seedlings inoculated with Glomerella 
gossypiL x 1.25. 

with an enlargement in diameter above the lesion and a eonstrietion and 
apparent dying below that point (Fig. 1, B). No latei'al roots were found 
on any of the hypocotyls infected by G, gossypiL Evidence of infection was 
found in cross sections of hypocotyls fixed on the fourth day after plating. 
At that time the mycelium was closely appressed to the surface of the hypo- 
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eotyl, was within root hairs and other epidermal cells, and also was within 
the parenchyma cells of the cortex, with certain individual strands extend- 
ing nearly to the stele (Fig. 3, A, B). A flattening of the surface of the 
hypocotyl was noted at the apparent point of infection (Fig. 3, B). The 
mycelium spread rapidly in the horizontal plane within the cortex and into 
the stele. Strands of mycelium were observed wrapped around nuclei. 


Fig. 2. Cross sections tliroiigh cotton hypocotyls showing stages in the advance of the myceiiimi 
ot Fusarkm mcmili forme within the hypocotyl. A. Early stage showing flattening of the side and the 
initiation of a lateral root near the point of infection. B. Later stage showing myeelinni through- 
out cortex and within the stele and forming halo surrounding the hypocotyl. C. Intermediate stage 
showing localized mycelium penetrating as far as the stele, x 50. 


Early stages of infection by Glomerella gossypii resulted in little or no 
apparent injury to individual cortical cells, (Fig. 3, A, B), while later stages 
show an apparent shrinking and indications of necrosis (Fig. 4, A, B ; 5, B) . 
In certain eases the infection remained localized, affecting only one side 
(Fig. 5, A), while in others the entire cross section of the hypoeotyl was 
infected (Figs. 4, B ; 5, B). Mycelium was found in the stele after consider- 
able damage had been done to the cells of the cortex (Fig 5, B) , All of the 
later stages revealed a halo of rather heavy external mycelium surrounding 
the hypoeotyl on which acervuli were developing (Figs. 4, A, B ; 5, A, B ) . 





tSMMsh. 


»>!\SJl'V 










Fig. 4. Cross sections of liypocotyls infected by Glomerella gossypiL A. Heavy infection within cortical cells and accrvnli upon the sur- 
face. B. Later stage, showing some shrinkage of cells, small amounts of acervuli and penetration of cortex and stele by the mycelium, x 50. 
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Infection of the cotton seedlings by Fusarimi moniliforme followed 
much the same course as that described for Glomerella gossypii, as regards 
the time of appearance upon the agar, the entrance, and growth of the organ- 
ism within the cells of the host (Fig. 2, A, B, C). The presence of the 
mycelium of F. moniMforme resulted in a similar effect on the cells of the 
cortex and stele, in a similar enlargement of diameter of the hypocotyl above 
the region of infection (Fig. 1, A), and in the flattening* of the side of the 
hypocotyl at the point of infection (Fig. 2, A). 

There were, however, several points of difference between the effects of 
the two organisms. The hypocotyls infected by Fusarium moniliforme in 
some eases attained lengths as great as the checks (5 inches), had less exter- 
nal niyeelium, and were generally characterized by the appearance of a 
whorl of lateiml roots at the i^egion of infection (Figs. 1, A ; 2, A). 

DISCUSSION 

Since the mycelium of both Glomerella gossypii and Fusarium monili- 
forme apparently invaded the hypocotyl of cotton seedlings through root 
hairs and other epidermal cells, penetrated living cells of the cortex and stele 
and resulted in the death of these cells, it would appear that both organisms 
are primary intracellular parasites. 

Infection by Glomerella gossypii has been reported by several writers as 
causing more damage to the cotton plant than does infection by Fusarium 
moniliforme. Arndt (1) found that F. moniliforme ‘Svill infect seedlings 
and produce stunting, but rarely death or damping-off' of seedlings. Some 
parallel experiments with the anthracnose fungus under similar conditions 
showed 100 per cent killing, whereas there was 100 per cent survival with 
F. moniliforme though many of the seedlings were smaller than the disease- 
free controls. Arndt and Christie (2) reported that infection by F. 
moniliforme reduced the germination of cotton seed by 10 to 15 per cent, 
tended to increase the number of lesions on the hypocotyls, and to produce 
very irregular plants, but not to result in typical clamping-off'. G. gossypii 
caused typical damping-off in their experiments, killed 72 per cent of the 
plants and caused the surviving plants to be small and diseased. 

Weindling cf al. (7) noted that ^^F. moniliforme does not appear to be a 
primary pathogen of the damping-off' of cotton seedlings,^’ and in discussing 
their survey, found it ‘^difficult at the present time to evaluate the high per- 
centage of F. moniliforme obtained.’’ These writers fuiffher stated that (?. 
gossypii liad been highly destructive in all eases. Woodroof (8) reported 
F. moniliforme as being the cause of stunting of cotton plants, but she did 
not believe that tlie organism entered living cells. The latter point is in 
variance' with the findings of this study. 

Ray and McLaughlin (5) reported both organisms as being pathogens of 
the cotton seedlings, Glomerella gossypii resulting in the ni()re serious 
injury. Under conditions of excessive moisture these writers .noted an in- 
crease in tile relative pathogenicity of Fusarium moniliforme and ^vith de- 
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creased moisture, lower temperature and increased alkalinity a relative 
increase in the pathogenicity of G. gossypii. 

The differences in response of the cotton seedlings to infection by the 
two organisms cannot be explained on the basis of entrance and course of the 
mycelium within the cortex and stele of the hypocotyl. It may be inferred, 
although it is not demonstrated in this study, that differences in the spread 
of the organisms in the vertical plane might account for the differences in 
the effect on the host. Seedlings infected by Fiisarmm moniliforme, grown 
in Petri plates, attained in many eases normal or nearli^ normal lengths, 
while those infected by G. gossypii failed to elongate. 

In the case of those seedlings infected by Ftisarium momliforme there 
was an appreciable tendency toward the initiation of lateral roots at the 
margin of the infected area, a condition totally absent, in this experiment, 
in the anthraenose-infected seedlings. A possible inference is that the 
initiation of the whorl of lateral roots is stimulated by some substance pro- 
duced by the mycelium of F. moniliforme as it grows within the cells of the 
cortex. 

SUMMARY 

Infections by Glomerella gossypii or by Fusarium moniliforme in cotton 
seedlings, in Petri plates, behaved similarly as regards penetration and 
course of growth within the host. Both are evidently intracellular para- 
sites, which eventually induce death of the host cells. The greater tendency 
for survival following infection by F. moniliforme may possibly be 
accounted for by the stimulation of the production of lateral roots. 
Department op Botany, 

University op Georgia, 

Athens, Georgia. 
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THE SENSITIVITY OF PLANT VIEUSES TO 
CERTAIN INACTIVATORS^ 

Robeet W. Fulton 
(Accepted for publication December 12, 1942) 

INTRODUCTION 

In previous publications from tliis laboratory the inactivating effects 
of certain chemical substances upon plant viruses have been investigated, 
(1, 9, 10, 14). Particular interest has developed in the effect of several 
so-called ‘Lion-toxie’^ inactivators. A ^hion-toxic” inactivator is here 
meant to include a substance not detrimental to most forms of life, but one 
that does inactivate plant viruses. These include certain plant extracts, 
milk, trypsin, normal blood serum, and other complex substances of biological 
origin. 

Most investigations of ‘‘non-toxic” inactivators have been concerned 
with but a single virus, namely, the ordinary tobacco-mosaic virus. Since 
other plant viruses have proved much more sensitive to toxic chemicals than 
has tobacco-mosaic virus (1), it appeared that some significant information 
might be secured by comparing the action of ‘ ‘ non-toxic ’ ’ substances upon 
these different viruses. Although it may be assumed that the nature of the 
reactions of viruses to toxic substances differs from that of their response to 
“non-toxic” ones, the magnitude of this difference is not at all clear. The 
present investigation was undertaken with the hope that detailed data on 
the effects of “non-toxic” inactivators on several viruses might ' provide 
evidence of the nature of this type of inactivation. The results obtained 
show that viruses differ in their sensitivity to the “non-toxic” inactivators 
used, as they also have been shown by Allington (1) and others to differ in 
their sensitivity to toxic chemicals. 

LITERATURE REVIEW 

The first description of the ability of a supposedly innocuous substance 
to inactivate the tobacco-mosaic virus was by Duggar and Armstrong (6) 
for the Juice of Phytolacca decandra. Numerous other substances have 
since been found to inactivate this virus. These include certain other plant 
Juices (7), trypsin (12), normal blood serum (11), Juices of certain insects 
(3), milk (5), casein, albumen, peptone (4), growth products of several 
species of microorganisms (10), and possibly tannic acid (13). While most 
of tliese have been investigated in their relation only to the tobaceo-mosaic 
virus, Htaiiley (12) reported that trypsin inactivated the viruses of cucumber 
mosaic, seveiu etch, and tobaeeo ring spot. Cliester (5) reported that 
normal blood serum inactivated the viruses of tobacco ring spot and cucum- 
b(‘r m<)sai(% and ihack (3) found that extracts of clover leaf-hopjiers inac- 

Hupj>ortc*(i in part by allotments from the University of Wiseonsiii Research Fund. 
'rh(‘ author vishea to express his thanks to Dr. Jaimes Johnson for helpful advice and 
eriticism during the course of the work and preparation of the nuuiuscript. 
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tivated tlie viruses of potato yellow dwarf, potato X, turnip mosaic, tobacco 
necrosis, and tobacco ring spot. Johnson (9) reported that both milk and 
Aerolacter aerogenes growth product inactivated a number of viruses, in- 
cluding those of cucumber mosaic, potato veinbanding, and potato ring spot. 

While there has been a lack of agreement as to the nature of the effect 
of these inactivators, certain features of their action are characteristic for 
the group, and have been observed repeatedly. For nearly all the substances 
investigated, inactivation has been observed immediately on mixing with 
virus (2, 3, 5, 7, 9, 12). Keactivation of the virus following removal or 
destruction of the inactivator has been reported also for all the ‘^non-toxic’’ 
inactivators (5, 9, 12), except Phytolacca extract. 

The immediate effect of these inactivators and the temporary nature of 
that effect have led to the belief that the virus itself is not affected, but 
rather that the inoculated host is rendered less susceptible (5, 12). The 
principal proof advanced by Stanley (12) in favor of this view is based on 
a test in which a series of virus dilutions are mixed with constant amounts 
of inactivator, and the percentage inactivation determined by inoculation 
to a host yielding local lesions. A greater percentage reduction of local 
lesions with the more dilute extracts is accepted as indicating an effect on the 
virus, while a similar percentage reduction at all dilutions is accepted as 
indicating an effect on the host. Eesults of this test, particularly with 
trypsin and blood serum, have been interpreted differently by different 
investigators (4, 5, 12, 15). 

Evidence also has been presented indicating that certain inactivators 
affect the virus. Hills and Vinson (8) showed that the rate of diffusion 
of tobacco-mosaic virus particles was slowed by the presence of trypsin, and 
concluded that the virus and the trypsin combined. Johnson (9) has shown 
that for many toxic chemicals a period of contact with the virus is neces- 
sary for maximum inactivation. This method of proof cannot be used with 
the non-toxic” inactivators, which exert their full effect immediately on 
mixing with virus. It was hoped that the present investigation might yield 
additional evidence as to whether the host or the virus was affected, or that 
it might suggest methods of obtaining such evidence. 

methods and* materuls 

The following 5 ^'non-toxic” substances were selected as representative 
of this class of inactivators: Phytolacca decandra Jj. extract (stored under 
toluene at 4° C.), trypsin (Difco, standardized), fresh cow^s milk, bovine 
serum (stored frozen), and Aspergillus niger van Tiegh. growth product 
(the liquid from a two weeks broth culture evaporated to 1/10 original 
volume, stored frozen). The viruses used were those of tobacco mosaic 
{tolacco virus i), tobacco ring spot, cucumber mosaic {cucumher virus 1), 
potato ring spot, and bean mosaic. Young Havana Seed No. 38 tobacco 
plants were used in tests for the first 4 viruses, and Wisconsin Eefugee 
Stringless bean seedlings for the bean-mosaic virus. 
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While the local-lesion method is rapid and relatively accurate for deter- 
niming inactivation, it could not be used conveniently -with several of the 
viruses. Therefore, in order to make the results as comparable as possible 
inactivation of all viruses was determined by inoculating 5 young healthv 
plants in each test, and recording the number that became* infected as a 
measure of the degree of inactivation. Five such tests, involving a total 
of 25 plants for each concentration of inactivator, were made for each 
mixture. It is recognized that this method determines only the eoneentra- 
tion at which inactivation is complete, or very nearly so. 

To provide inoculum, young, recently infected plants were ground un 
the juice filtered through cheese cloth and then diluted. In preliminarv 
tests It was found necessary to dilute the tobacco-mosaic virus more than the 
0 ler viruses in order to obtain a demonstrable degree of inactivation 
Similarly some of the inactivators were less potent; this necessitated using 
greater dilutions of all the viruses. All inoculations were made within 2 or 
6 minutes after mixing the virus and the inactivator. 

EXPERIMENTAL RESULTS 

Relative Sensitivity of the Viruses to Inactivation 

As illustrative of the type of results obtained, the detailed data on 
2 viruses and 2 maetivators are presented in table 1. The results obtained 
^tlbl'b^ P 5 viruses with the 5 inactivators are summarized 

order of tP ' ^ viruses may be arranged in the 

Srus ifsuelT' inactivators as a group. Thus, bean-mosaic 

virus usually required the lowest concentration for complete inactivation. 


Inactivator 

Virus of 

Percentage concentration of inactivators and number 
or plants infected out of 25 inoculated 
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S rt5 t ? cucumber-mosaic virus, potato-ring-spot 

tivitv in that order. This same order of sensi- 

tivity for the latter 4 viruses also was found by Allington (1) when toxic 

chemicals were used. He found that the cucumber mosaic and potato-rin.- 

r f --^ivity ^ the toirchlmLJs. 

In the present investigation, however, using “non-toxic” inactivators, the 
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potato-ring-spot virus was definitely more tolerant than the cucumber mosaic 
virus. 

There were, however, some marked variations in the order of sensitivity 
of the viruses to certain inactivators. The tobacco-ring-spot virus, for ex- 
ample, is inactivated by a lower concentration of bovine serum than is the 
cucumber-mosaic virus. The latter, however, is inactivated by a lower con- 
centration of Aspergillus growth product than is the tobacco-ring-spot virus 
(Table 1). Similarly, a higher concentration of Phytolacca extract is neces- 
sary to inactivate the bean-mosaic virus than is required for the tobaceo- 


TABLE 2. — Summary showing concentrations of 5 inactivators required to inactivate 
5 different viruses. {Bach fgure based on 5 tests of S plants each) 


Inacti- 

vator 


Viruses. 

, at dilutions shown, and percentage concen- 
tration of inactivator required 

trationa 

Bean 

mosaic 

1: 10 

Tobacco 
ring spot 

1: 100 

Cucumber 

mosaic 

1:100 

Potato 
ring spot 

1: 100 

Tobacco 

mosaic 

1: 1000 

Phytolacca 

juice 

Milk 

Trypsin 

A 

B 

A 

B 

A 

B 

0.25 

0.125 

7.5 

5.0 

0.25 

1 0.125 

0.2 

0.1 

25.0 

20.0 

1.0 

0.5 

1.25 

1.0 

20.0 

15.0 

3.0 

2.5 

3.0 

2.5 

99.0b 

3.5 

3.0 

5.0 

4.0 

99.0b 

3.5b 



Bean 

Tobacco 

Cucumber 

Potato 

Tobacco 



mosaic 

ring spot 

mosaic 

ring spot 

mosaic 



1: 10 

1: 1000 

1: 1000 

1: 1000 

1: 10,000 

Bovine 

A 

10 

25 

30 



serum 

B 

5 

20 

25 

99b 

99c 

Aspergillus 

A 


80 

40 



growth 

B 

90b 

7.0 

30 

99c 

99c 

product 








a A — Lowest percentage concentration resulting in complete inactivation. 

B — Highest percentage concentration not resulting in complete inactivation, 
b One to 5 plants infected out of 25 inoculated, 
e Ten to 20 plants infected out of 25 inoculated. 

ring-spot virus; whereas considerably higher concentrations of the other 
inactivators are required for the tobacco-ring-spot virus. The actual amount 
of virus present was undoubtedly different in the original preparations of 
different viruses. The relative concentrations of the viruses, however, were 
constant in the trials with the different inactivators. The results indicate, 
therefore, that properties inherent to the virus affect its sensitivity to 
non-toxic’’ inactivators, as has been demonstrated previously for toxic 
chemicals (1). 

The Effect of Virus Concentration on Inactivation 

The results in table 2 seemed to indicate that the concentrations of the 
viruses influenced to some degree the concentration of inactivator required. 
Tobacco-mosaic and potato-ring-spot viruses, which required the highest con- 
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eentratioiis of the inactivators, exist in high concentrations in infected 
tobacco plants, whereas the viruses of cucumber mosaic and tobacco ring spot 
epst in much lower concentrations. In comparing the eifectiveness of a 
single inactivator on different viruses the relative infeetivities of the 
virus preparations should be considered. The concentrations of the viruses 
in the extracts were compared, therefore, by means of dilution tests. Five 
plants were inoculated in each of 5 trials with a given dilution (Table 3) 
It is difficult to compare the viruses because of the differences in the shape of 
the dilution curves. Infectivity of the extracts of tobaceo-ring-spot virus 
cropped sharply on dilution, while those of cucumber-mosaic virus, over 

infectimUes of 5 viruses as determined by their toleranep ir, 
dilution, with the same method of inoculation used in all trials 


Dilution and nnmber of plants infected out of 25 inoculated 


Virus 

of 

o 

eo 

o 

r— i 

o 

rH 

X 

CO 

o 

iH 

o 

rH 

X 

CO 

o 

tH 

o 

iH 

X 

CO 

o 

o 

rH 

X 

CO 

CO 

O 

iH 

« 

o 

rH 

X 

CO 

i- 

o 

rH 

o 

rH 

X 

CO 

o 

rH 

X 

o 

tH 

X 

CO 


tH 

T-1 

r-i 

rH 

rH 

rH 

H 

rH 

rH 

rH 

tH 

rH 

tH 

rH 

rH 

Bean 
mosaic ... 
Tobacco 

24 

18 

5 

4 

1 ^ 

0 










ring spot 
Cucumber 




25 

21 

10 

0 

0 








mosaic ... 
Potato 





9 

9 

5 

2 

1 

0 






ring spot 
Tobacco 









15 

6 

5 

4 

0 

0 


mosaic ... 










22 

14 

1 

1 

0 

0 


... range, lost intectivity much more gradually on dilution. 
Comparisons are thus only approximate. If the infectivity of the bean- 

of tobacco ring spot, cucumber mosaic, potato ring spot and 
tobacco mosaic are about 30, 100, 10,000, and 30,000, respectively ’ 

mosaie%Tuid^^^''^°^'/ *°^aeco ring spot, and cucumber 

Genera; tb. t nearly equal in infectivity. In 

general, the lowest concentrations of inactivator were required for the bean- 

mosaic-vnrus extracts, which were also the least infective. Higher percent 
ir^red T™™ 7® T i«actiy.tor was 

™rat , 77” *» “aofcate the cueumber-.osaio 

rm71 177 7 ““'7'’ 7* P" ‘"TP™ is required for pototo- 

wm‘ aTmit r« ot the latter wirus 

wirnselre LLTwTl 7 7 »f 

lusher “>”» »' ‘his effect might be due to the 

inWer777rtr.1-7”Tr 

mteitenne wiUi the aclmty o( the mactirator. This should not be im- 
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portant, however, in the case of extracts tested at the same dilution. Either 
the potato-ring-spot and tobacco-mosaic viruses are more susceptible to all 
the inactivators, or, since they were used at higher concentrations than the 
others, their concentration may have been responsible for their inactivation 
by relatively low percentages of inactivators. 

As a means of determining the effect of virus concentration on inactiva- 
tion 3 dilutions of tobacco-mosaic virus were mixed with 3 dilutions of 
inactivator, keeping the ratio of virus to inactivator the same at each 
dilution. These mixtures were inoculated to the Nicotiana tahacumxN. 
gUctinosa hybrid leaves, yielding local lesions, in a 3x3 Latin square 
arrangement, with the mixture on one-half of a leaf, and the corresponding 
dilution of virus alone on the other half. The results with 4 inactivators 
are presented in table 4. With this virus the inactivation percentage de- 
creased as the concentration of the mixture became lower. It seems likely, 
therefore, that the greater infectivities of the extracts of tobacco-mosaic 


TABLE 4. — The relation of the concentration of mixtures of the toiacco-mosaio virus 
and inactivators to the amount of inactivation resulting 



Mixture 


Total number of lesions on test plants produced by 

Virus 

Inactivator 

Virus 

Control 

Percentage re- 

concen- 

tration 

and 

concentration 

plus inac- 
tivator 

(virus 

only) 

duction due to 
inactivator 

1: 500 

Trypsin 

JPer cent 
0.4 

27 

1139 

97.6 

1: 2,500 

C ( 

0.08 

55 

178 

68.7 

1: 12,500 

( t 

0.016 

48 

95 

49.5 

1: 500 

Milk 

8 

14 

1020 

98.6 

1: 2,500 

i t 

1.6 

25 

501 

95.1 

1: 12,500 

( i 

0.32 

27 

96 

71.9 

1: 500 

Pliyt. juice 

0.15 

44 

1920 

97.7 

1: 2,500 

a a 

0.03 

62 

821 

92.5 

1: 12,500 

li (C 

0.006 

73 

219 

67.7 

1: 500 

Blood serum 

8 

25 

1467 

98.3 

1: 2,500 

a ic 

1.6 

88 

294 

70.1 

1:12,500 

u a 

0.32 

71 

72 

1.4 


and potato-ring-spot viruses resulted in their being inactivated by propor- 
tionately lower concentrations of inactivators than the more dilute viruses. 
The reactivating effect of dilution on mixtures of some of these inactivators 
has been reported (5, 12). 

An interesting, and probably significant, observation on the effect of 
dilution is the difference in degree to which it affects the different inactiva- 
tors. The inactivation with milk dropped only from 98 to 72 per cent 
on dilution. On the other hand, diluting bovine serum mixtures to the 
same extent decreased the inactivation from 98 per cent to practically no 
inactivation. These results seem best explained on the basis of a difference 
in tenacity of combination between virus and inactivator. 
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DISCUSSION 

An accurate comparison of the sensitivities of viruses to a particular 
inactivator probably would require the use of purified virus, purified inac- 
tivator, and virus preparations with the same concentration of infective 
particles. Since these requirements could not be met in the present investi- 
gation, an attempt was made to secure relative data by comparing the sen- 
sitivities of several viruses to several inactivators. It is, for example, of 
little significance to determine that the tobaeco-ring-spot virus is inactivated 
by a lower concentration of bovine serum than the cucumber-mosaic virus 
since the actual amount of virus being inactivated in each case is not known! 
If in addition, however, the same dilution of cucumber-mosaic virus is 
inactivated by a lower concentration of Aspergillus grovdh product than 
the tobaceo-rmg-spot virus, then a difference between the sensitivities of 
these two viruses may be assumed. Several such differences between the 
viruses of bean mosaic, tobacco ring spot, and cucumber mosaic were demon- 
strated. These differences seem to be further evidence that the effect of 
non-toxic” substances is on the virus itself, and not on the host. 

The results of diluting mixtures of inactivator and virus also throw 
some doubt on the validity of dilution tests used to determine whether a 
substance affects the virus or the host. This test assumes that, if the 
virus IS affected, a definite amount of inactivator will act upon a definite 
ainoun ^ o virus regardless of the relative concentrations of the tivo. On 
le asis 0 the i esults presented in table 4, however, mixtures of a hio'h 
virus eoueentration and a definite amount of inactivator may be expected to 
shou^a larger proportion of the virus inactivated than of mixtures with a 
ower^ virus concentration. This is essentially the result obtained with 
t ^tr^Mi d^”'' constant concentrations of inac- 

bdt d,r ' i'? has been interpreted as 

bem^ due to an effect of trypsin on the host. When the effect of dilution on 

the'X r/iL ' be obtained indicating that 

oLe! L? w “ this 

c nnection that there is a relatively great drop in percentage of inactiva- 

the viut been described as examples of “inhibitors” that do not act on 

The results obtained offer no evidence contradictory to the idea as 
«pre«ed by Thomberry (13), that this type „f inactivation ntay be dt to" 
tevmible interaction between inactivator particles and vir^s pwtils 

re"SaTto Setatf ‘‘r’ — » 

leversed when the inactivator is removed or destroyed. In connection with 
the present mvestigation it has been found that virus mixturerwith PhTto 
lacea extract may also be reactivated by the proper techniqul^^^^^^^^ 

mosaic were in "able tobacco ring spot, and tobacco 

necessary for complete inactivation. Tale was then Phytolacca extract 
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non-toxic'^ inactivators used, therefore, seem to behave similarly in this 
respect. 

While the nature of the effect of an inactivator on a virus is not known, 
some evidence suggests that a reversible adsorption may be concerned. 
This conception need not be entirely incompatible with the evidence per- 
taining to the reactivation of virus by ultra filtration, ultra centrifugation, 
or diffusion techniques. Such a possibility should, at least, be considered 
before attributing the principal effect of ‘‘non-toxic” inactivators to a 
reduction of host susceptibility. 


summary 

The sensitivity of viruses to inactivation by trypsin, milk, extract of 
Phytolacca dscandra, bovine serum, and Aspergillus niger growth product 
was determined. The viruses used were those of tobacco mosaic, potato 
ring spot, cucumber mosaic, tobacco ring spot, and bean mosaic. In gen- 
eral, the sensitivity of the viruses to the inactivators increased in the order 
named above. The viruses of bean mosaic, tobacco ring spot, and cucumber 
mosaic, however, exhibited specific responses to the extent that the order 
of sensitivity to certain inactivators wns reversed. The virus extracts of 
tobacco mosaic and potato ring spot were much more concentrated than the 
other virus extracts, but required only moderately higher concentrations of 
inactivators. The percentage of tobacco-mosaic virus inactivated was great- 
est when the mixture with inactivator was most concentrated, least when the 
mixture was most dilute. As a whole, the results supported the view that 
the effect of the “non-toxic” inactivators is on the virus and not on the host. 

Department op Horticulture, University of Wisconsin, 

Madison, Wis. 
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OEGANIC MATERIALS IN PRE-HARVEST SPRAYS 
FOR CHERRIES 

D . H . P A L M I T E R AND J . M . H A M I L T 0 N 1 
(Accepted for publication November 24, 1942). 

The standard practice of applying snlphnr sprays and dusts for con- 
trolling the brown rot, Sclerotinia fmcticola, Wint. Rhem., and gray mold, 
Botrytis cinerea Pers., of sweet cherries has not been entirely effective. 
Irrespective of control, the various sulphur treatments have one serious 
defect: They all leave noticeable deposits of spray residue. And spray 
residues of any nature are highly objectionable to fruit consumers. 

Since 1938, the writers have been trying to find some material, other 
than sulphur, that could control brown rot of cherries, without visible resi- 
due on the fruit. They reported^ promising results from the use of an 
extremely dilute red copper oxide spray, at J lb. in 100 gal. of water, plus 
a spreader. Thi^ spray, however, causes copper injury which necessitates 
an after-harvest lime spray to prevent serious leaf drop. To overcome the 
undesirable properties of the sulphur and copper fungicides, recent in- 
vestigations were conducted to test certain of the most promising organic 
materials. 

MATERIALS TESTED 

Three of the new organic materials, recently shown to be toxic to fungi 
at low concentrations, were tested as pre-harvest applications on sweet cher- 
ries. They were ferric-dimethyl-dithio-carbamate (Fermate), tetra-methyl- 
thiuranndisulphide (Jap Beetle Spray), and tetraehloro-para-benzoquinone 
(Spergon).^ Micronized sulphur was used as the standard treatment. 
S. B. C. Oil (self-emulsifiable cottonseed oil) was employed as a spreader 
and sticker in comparative tests to determine whether it enhanced control 
of the very dilute fungicide applications that were necessarily employed to 
avoid residues. 

DISEASE CONTROL 

Spore Germination Experiments 

Methods. In conjunction with the field control tests, spore germination 
tests^ were made to determine the relative toxicity of the Jap Beetle Spray 
and Fermate materials in comparison wdth sulphur and red copper oxide. 
The glass slides used in these tests were coated with cellulose nitrate. The 
slides were exposed to a given spray for 15-, 60-, and 120-second intervals.^ 

1 Approved by the director of the New York State Agricultural Experiment Station 
for publication as Journal Paper No. 532, November 7, 1942. 

2 Parrott, P. J. New York Agr. Exp. Sta. Ann. Upt. 1938: 24. 1939. 

3 Fermate and Jap Beetle Spray were supplied by duPont de Nemours Co. Spergon 
was furnished by the tJ. S.' Eubber Co. Red copper oxide and S. E. G, Cottonseed Oil 
were from Rohm Haas. 

4 Horsfall, J. G., J. W. Heuberger, E. G. Sharvelle, and J. M, Hamilton. A design 
for laboratory assay of fimgicides. Phytopath. 30: 545-563. 1940. 

5 Hamilton, J,*M., and G. L. Mack.' A new vertical laboratory sprayer (in prepara- 
tion). 
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One Iialf of the slides for each treatment were subjected to washing by pass- 
ing the slides 30 times through distilled water after the spray had thoroughly 
dried/^ The other half were left unwashed. Each of the 4 fungicides was 
used alone and wdth S. E. C. Oil, 1-1600. Three uniform drops of a spore 
suspension of Sclerotinia fructicola, adjusted to a concentration of 60 spores 
per sq. mm. in a Puehs-Rosenthahl counting cell, were placed on each slide. 
After incubation in moist chambers at a temperature favorable for germi- 
nation, 100 spores were counted from each of 3 drops and averaged for the 
percentage of spore inhibition. 

TABLE 1.— Comparative toxicity of organic and inorganic fungicides to snores nf 
Sclerotinia fructicola on coated glass slides^ u I 


Treatment 


Uiitreatefl 

Mieroiiized sulpliur 


Mieronized sulpliur + S. E. 0. Oil^ . 

Bed copper oxide 

Bed copper oxide + S. E. C. Oil 

Jap Beetle Spray 

Jap Beetle Spray + S. E. C. Oil 

Perniate 


Eerinate + S. E. G. Oil . 


Grams 

per 

liter 


6.0 


6.0 


2.0 


2.0 


2.5 


2.5 


2.5 


Seconds 
exposed 
to spray 


15 

60 

120 

15 

60 

120 

15 

60 

120 

15 

60 

120 

15 

60 

120 

15 

60 

120 

15 

60 

120 

15 

60 

120 


Ave. percentage of 
spores inhibited from 
germinating 


Unwashed 

slides 


3.5 

78.5 

91.0 
100.0 

73.5 
100.0 
100.0 

25.5 

44.5 

76.5 

26.0 

43.5 
61.0 

57.5 
100.0 
100.0 

59.5 
100.0 
100.0 

76.0 

90.0 
100.0 

82.0 

97.5 
100.0 


Washed 

slides 


3.0 

5.5 

26.0 

82.0 

53.0 

86.0 
100.0 

25.5 

45.0 

75.5 

26.0 

40.5 


18.0 

56.0 

70.0 

58.0 
100.0 
100.0 

79.5 

88.5 
100.0 

80.5 

94.5 
100.0 


nitro-eellulose acetate. 

b. O. Od IS a self -emulsifying cottonseed oil. It was used at tlie rate of 1-1600. 

Bemlts. Fermate and the Jap Beetle Spray were about equally toxic 
on xmwashecl .slides, whereas red copper oxide and mieronized sulphur were 
pyent (Table 1). On washed slides, the spore counts show 
lUKiouiztd sulphui spray deposit was reduced in effectiveness to 
a greater extent than any of the other materials. The Jap Beetle Spray 
too lost ('Oii.sulerable effectiveness when washed. In contrast, Fermate and 
the rod copper oxide showed only small differences in toxicity between the 

l*l.vtoSh!’ 3orh^-84V.'''l94^^ fungicides. 
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wRslicd Riid iiiiwRshed slides. Loss of toxicity following washing is inter- 
preted as due to partial removal of the original spray deposits. 

The addition of S. B. C. Oil significantly increased the retention of the 
Jap Beetle Spray and of the sulphur, and made for an inhibitory residue 
equivalent to that of the unwashed slides. In the case of the Fermate and 
red copper oxide, however, the use of S. E. C. Oil made little difference in 
their ability to inhibit germination. 

Orchard Tests 

Methods. All the sprays were applied with a power sprayer to mature 
orchard trees, of Windsor, Schmidt, Black Eepublican, Black Tartarian, 
and Giant varieties. The trees had received the following spray schedule : 
A dormant application of two per cent tar oil ; four applications of fiotation 
sulphur paste at 6-100 (6 pounds in 100 gallons of water), at the green-tip, 
petal-fall, shuck-split, and shuck-fall stages (the latter two sprays also con- 
tained arsenate of lead for eurculio) ; two cover sprays for cherry fruit fly 
control, the first consisting of mieronized sulphur, 4-100, plus rotenone, and 
the second of mieronized sulphur, 2-100, plus rotenone and one-half pint of 
S. E. C. Oil. 

Fermate, Jap Beetle Spray, and Spergon were tested at two concentra- 
tions : -|~100 on fruit about ready for harvest and 1-100 on fruit which was 
to remain on the trees for a longer period of time. The first pre-harvest 
spray was applied June 13. Mieronized sulphur, 2-100, w’-as used as a 
standard of comparison. S. E. C. Oil, pint to 100 gallons, was used with 
all the fungicides. 

Disease Control on Fruit at Time of Picking 

Results. Fruits from Schmidt, Giant, and Black Republican cherry 
trees, sprayed with the Fermate and the Jap Beetle Spray had not over 5 
per cent rot 2 weeks after treatment (Table 2). Most of this decay, espe- 
cially on the Giant variety, was the result of infections on cracked fruits. 
Rotted fruit on the sulphur-sprayed trees ranged from 19 per cent on the 


TABLE 2. — Effectiveness of sulphur and organie materials in pre-harvest sprays for 
controlling hrown rot and gray mold on sweet cherries 


Variety 

Pre-harvest treatmenta 

Percentage of f ruit 
rotted 2 w^eeks 
after treatment^ 

Schmidt 

Mieronized sulphur 2-100 

19 


Eermate 1-100 

2 


Jap Beetle Spray 1-100 

0 

Giant 

Mieronized sulphur 2-100 

38 


Eermate 1-100 

5 


Jap Beetle Spray 1-100 

2 


Spergon 1-100 

33 

Black Eepublican 

Eermate 1-100 

0 


Jap Beetle Spray 1-100 

0 


a S. E. C. Oil, one-half pint to 100 gallons, was included in all treatments, 
b A total of 4.07 inches of rain fell between the pre-harvest apxhieation and the time 
the results were taken. 
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Sclimidt variety to 38 per cent on the Giant. Spergon gave no better con- 
trol than the sulphur. The iiontreated cherries in each variety were com- 
pletely diseased. 

Much of the rot that developed on the early varieties was gray mold 
caused by Botrytis cinerea, which developed during the 2-week interval 
between spray and harvest in which 4 inches of rain furnished favorable 
conditions for rot development. 

Additional data on the value of the Jap Beetle Spray were obtained from 
an application of this material, -J-lOO, plus pint of S. E. C. Oil to a block 
of Windsor trees (a later variety) that had received the pre-harvest spray 
of micronized sulphur, 2--1G0, 3 weeks earlier when the other varieties w^ere 


PXG. 1. Brown-rot infection on ]Sraj)oleon cherries after 8 days in a moist chamber 
at room temperature following immersion in a spore suspension of Solerotinia fructicola : 
A. No spray; B. Fermate |-i00; C. Micronized sulphur 2|~100. 

spray^ed. The fruit was picked a week after treatment during which time 
almost two inches of rain fell. This additional spray reduced the percentage 
of rotted fruit from 9.4 to 2.7. 

Meld tests in 1942 substantiated the data of 1941. One pre-harvest 
application of Fermate, 100, plus | pint of S. B. C. Oil, to Napoleon cher- 
ries one w^eek before harvest lowered the percentage of rot from 92 per cent, 
as on nonsprayed trees, to 52 per cent. Two applications of the Fermate, 
the abo\'e and one 17 days earlier, reduced the amount of rot at harvest to 
18 ptT (*ent; wiiereas a similar plot receiving two applications of micronized 
sulphur, n-100 and 2i-100, respectively, had 41 per cent of the fruit infected 
with brown rot (Fig. 1). The comparatively high percentage of decay in 
these plots is no doubt due to the long interval between applications during 
%vhi(‘h 2. 23 inches of rain fell. 
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Tlie data from two seasons^ field trials show that the degree of superiority 
of Permate over the standard sulphur spray in the pre-harvest application 
depends on the number and thoroughness of the previous applications and 
the environmental conditions. 

Disease Control on Fruit After Picking 

Although the sweet cherry may leave the orchard apparently sound, 
serious loss from brown rot and gray mold often develops during the period 
of transportation and marketing. Since the pre-harvest spray treatment 
affects their keeping quality, tests Avere made to compare the effectiveness 
of the different materials in this regard. 

Samples of sound fruits, taken from the various pre-harvest spray plots, 
were immersed in a spore suspension of Sclerotinia fructicola or Botrytis 
cinerea. This inoculated fruit Avas then placed in moist chambers, consist- 
ing of 600-ml. beakers lined Avith moist paper toAvels and coA^'ered Avith Avaxed 
paper. They Avere held for incubation periods of 3 to 6 days at room tem- 
perature (75'^-85° P.). 

Protection Against Brown Rot. Fruit from Black Tartarian trees, AAhieh 
had just been sprayed Avith Fermate, Jap Beetle Spray, and Spergon, i-100, 
plus S. E. C. Oil (i pint-lOO), AAms practically all sound after 3 days in the 
moist chamber, Avhile the unsprayed fruit Avas 38 per cent rotted (Table 3, 
Ser. 1). After 6 days, the unsprayed fruits Avere all infected, Avhile the 
sprayed fruits showed only from 24 to 32 per cent decay. 

The Windsor trees, Avhich had received the late pre-harvest treatment of 
Jap Beetle Spray, -|™100, plus S. E. C. Oil, had 17 per cent of their fruits 
decayed after 3 da3?'s in the moist chamber, as contrasted Avith 49 per cent 
for the check (Table 3, Ser. 2). This count included fruits that had 
cracked b^^ water-absorption in the moist chambers, Avhich opened an avenue 
for infection regardless of the spra^" treatment. 

Permate, 1-100, applied to Schmidt, Giant, and Black Eepubliean trees 
tAvo weeks before picking, held the percentage of rotted fruit after 6 days in 
the moist chambers to a Ioav leA^el, Avhen compared AAUth fruits from trees 
receiAung sulphur, 2-100, or no pre-haiwest treatment (Table 3, Ser. 3) . This 
heavier dosage of the organic fungicide significantly improved the protec- 
tion of the inoculated fruit through the post-harvest moist treatment (Table 
3, Ser. 1 and Ser. 3) . The fruits on this block had been Avashed b^^ 4 inches 
of rain before they were picked. Attention is called to these results p)ar“ 
ticiilarlAq because it furnishes an excellent illustration of the ability of the 
Permate to resist washing. 

Protection Against Gray Mold. Fruits treated Avith Permate and Jap 
Beetle Spray, 1-100, or micronized sulphur, 2-100, developed practical!}^ no 
gray mold after 3 da^^s in the moist chamber, Avhereas the Spergon-sprayed 
fruits at 1-100 and the nontreated fruits shoAved 22 and 36 per cent decajmd 
fruite, respectively (Table 4). S. E. C. Oil ( J pt.-lOO) Avas used Avith all 
treatments. 

At the end of 6 days, Permate aaus the most effective material Avith not 
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TABLE 3 . — Effedivtmess of sulphur and organic materials in pre-harvest sprays in 
preventing after-harvest broum rot infections on sweet cherries-^ 


Series and 
variety 

Pre-harvest treatment^ 

Percentage of fruit rotted after incuba- 
tion period of 

3 days 

6 days 

Series 




Black 




Tartarian 

yontreated 

38 

100 

i i 

Fermate 4-100 

2 

24. 

u 

Jap Beetle Spray i-lOO 

0 

24 

i £ 

Spergon -J-lOO 

2 

32 

Series 2'l 




\ViudMor 

i jSTontreated 

49 


i i 

1 Jap Beetle Spray i-100 

17 


Series 3c 

Windsor 

Xoritreated 


100 

S<'Iiniidt 

M icroiiized sulphur 2-100 


64 

Giant 

Micronzied sulphur 2-100 


54 

Schmidt 

Fermate 1-100 


5 

Giant 

Fermate 1-100 


0 

Bepiiblican 

Fermate 1-100 


11 


Picked f ruits were inoculated with spores of Sclerotmia f ructicola and kept in moist 
ehambers. 

One-lialf pint of S. E. C. Cottonseed Oil was included in all pre-harvest sprays. 

« Fruit in this series was picked after a light shower the same day it was sprayed. 
This treatment 'was made a week before harvest and the fruit "was w^ashed by two 
iiielies of rain during that interval. 

« These treatments were made two weeks before harvest and the fruit was washed 
by 4.07 inches of rain during that interval. 

over 6 per cent of the fruit infected that reflects greater retention during 
washing. The Jap Beetle Spra.y and sulphur were about equally effective, 
allowing 18 per cent of the fruit of the Giant variety to become decayed. 
The fruits treated tvith Spergon and the nontreated were 76 and 94 per cent 
infected, respectively. 


TABLE Ar—Effeetivness of sulphur and organic materials in pre-harvest sprays in 
preventing after-harvest gray mold infections on sweet cherries^ 


■ Yariety 

Pre-harvest treatmentt»»c 

I - ' ■ ' ' ; ■ 

Per cent of fruit rotted after incuba- 
tion period of 

3 days 

6 days 

Windsor 

llmsprayed 

36 

94 

Schmidt 

Micronized snljihur 2-100 

4 

8 

Giant 

Micronized sulphur 2-100 

■ 2 ■ 

18 

Schmidt 

Jap lleetie Spray 1-100 

0 

2 

Giant 

Jap Beetle Spray 1-100 

4 

18 

Be publican 

Jap Kettle Spray 1-100 

0 

8 

Sclimidt 

Bermate 1-100 

0 

0 

Giant 

Fmmiate 1-100 

0 

4 

Iie|mblicaii 

Fermate 1-100 

2 

6 

Giant 

Spergon 1-100 

22 

76 


Picked fruits w'ere artificially inoculated with spores of Botrytis cinerea and kept in 

moist chambers. 

()nc half pint of B. E. G, Oil was inclnded in all pre-harvest sprays. 

•'■TliOHe trcatmmits were made two weeks before harvest and the fruit ■was washed hy 
4.07 inches of rain during that interval. 
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FRUIT CRACKING 

Sweet cherries treated with sprays containing self-emulsifying cotton- 
seed oil were observed to have less cracking than those that were unsprayed 
(Table 5). The reduction in cracking is attributed to the cottonseed oil. 


TABLE 5. — Effectiveness of Jap Beetle Spray and S. E. C. Oil in reducing trown rot 
and cracMng of clierries'^ 


Variety 

Additional pre-harvest 
treatment 

No. of 
fruits 
counted 

Percentage 
of fruit 
cracked 

Percentage 
of fruit 
rotted 

Windsor 

Nontreated 

300 

14.7 

9.4 

Windsor 

Jap Beetle Sprav -J-100, plus i 





pint S. E. G. Oil 

474 

5.5 

2.7 


TMs fruit was waslied by 1.97 inches of rain between the pre-harvest spray and 
harvest. 


The presence of this oil in the various sprays seemed to form an invisible 
coating over the fruit, that did not permit absorption of rain water. Oil- 
sprayed cherries which were immersed in water after picking cracked just 



Big. 2. Comparison of visible residue on Schmidt cherries after spraying with: A. 
Mieronized sulphur 2^100 plus SS--3 li ounces. B. Fermate 1-100 plus S. E. C. Oil 
I pint. 


as much as the unsprayed fruits, indicating that the oil functions only to 
shed the rain. 

RESIDUES 

Data from the seasons of 1941 and 1942 indicate that Fermate, 1-100, 
and Jap Beetle Spray, 1-100, are the most effective and desirable of the 
pre-harvest fungicides tested. 
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Permate used alone leaves a black, spotty coverage on cherry fruits but 
when a suitable spreader such as S. E. C. Oil, i pint, is used with it’ the 
residue is not objectionable on any of the dark varieties of cherries (Fig 2) 
On white varieties, Fermate can be used with satisfactory results up to the 
final pre-harvest application at which time Jap Beetle Spray, 1—100 or 
wettable sulphur, 21-100, with a suitable spreader-sticker, may be substi- 
tuted to avoid the dark residue on the light fruit. Under certain conditions 
as where growers with mixed varieties wish to make frequent applications 
to protect each variety as it reaches maturity, it may be possible and desir- 
able to reduce the concentration of Fermate to i-100 with the expectation 
of good results. 

SUMMARY 

The organic materials, Fermate and Jap Beetle Spray, when sprayed on 
eellulose-mtrate-coated glass slides were found to be equally toxic against 
the spore.s of Sclerotima fructicola. These two materials exhibited two to 
three times greater toxicity than micronized sulphur or red copper oxide 
wduc h have been used for controlling brown rot on sweet cherries. Washin*^ 
ot the sprayed .slides before applying the spores indicates the greater reten- 
lon of the herniate and red copper oxide over that of Jap Beetle Spray or 
su phiir. ^ Ihe addition of soluble cottonseed oil markedly increased' the 
slider^ retained by Jap Beetle Spray and sulphur-sprayed 

Fermate and Jap Beetle Spray were superior to Spergon and micronized 
sulphur wlien tested as pre-harvest sprays on sweet cherries for control of 
nomi nit and gray mold. The data indicate that the Fermate and Jap 
Beetle Spray should be used at 1-100, a concentration which could be ex 
pected to gu-e appreciable leaf-.spot control. These materials at i-100 have 
been used with success when more than one application is made or when 
applied during tlie harvest period. 

' f PJ’e-Jiarvest spray enhanced the keeping quality of the 
cWs on the fresh fruit market more than any of fhe^olr materilll 

Pennate to which a good spreader has been added avoids the obiection- 

visible residue caused by sulphur sprays on dark colored cLrrLs but 

p e l an 1 . St spiaj both from the standpoint of rendering the residue less 

Msible and reducing the amount of cracking. 

Xew York Btate Aokioultokal Exi-eriment Station 

(lENEVA, NiCwYork. 



A TENDENCY TO ESCAPE TOBACCO-MOSAIC DISEASE IN 
DERIVATIVES FROM A HYBRID TOMATO 

Francis O. Holmes 
(Aecexited for publication January 27^ 1943) 

The Chilean tomato, Lycopersicon chilense Dmi.,^ became available as a 
XDotential source of resistance to diseases of tomato in 1937, through discovery 
of a viable seed in an approximately 12-year-old herbarium specimen (3). 
Studies were begun at once to determine its susceptibility to tobacco mosaic, 
a disease to which all tested varieties and strains of the garden tomato, 
A. escidentum Mill., have proved susceptible and with which all have been 
readily infected by abrasive methods of inoculation. The results of these 
studies, briefly reported already in an abstract (4), have shown that the 
Chilean tomato is characterized by a tendency to escape infection and that 
this klendusity is of a heritable nature, being found also in certain deriva- 
tives of the hybrid L. esculenhim x L. chilense. The purpose of this paper 
is to present in detail the evidence on which these conclusions are based. 

KLENDUSITY OF THE CHILEAN TOMATO AND SOME OF ITS 
HYBRID PROGENY 

The Chilean tomato proved difficult to infect with tobacco-mosaic virus 
(Marmor tahaci H.). When once infected, how^ever, it developed a systemic 
chlorotic-mottling type of disease. 

The Pi hybrid Lycopersicon esculenhim 'JxA. chilense ^ (3), although 
intermediate between the parental species in general appearance and espe- 
cially in fineness of leaf-cutting, was characterized by vigor of vegetative 
growth. The Fi plants proved intermediate in susceptibility, escaping infec- 
tion somewhat more often than ordinary tomato but much less often than 
L, chilense. When infected, they showed chlorotic mottling much like that 
developing in infected plants of the two parent species. Plants of this first 
hybrid generation were of low fertility. Their pollen, however, proved 
adequate to produce a baekcross generation. 

Plants of the baekcross generation, Lycopersicon escidentum 5 x (A. 
escidentum X L. chilense) J', were exceedingly variable in appearance, show- 
ing almost every conceivable combination of the foliage and fruit character- 
istics of the two original parental species. They were not inoculated with 
tobacco-mosaic virus, since it appeared probable from the manner of their 
origin that they would share the relatively high susceptibilities of the Fi 
hybrid and of A. escidentum. Instead, they were permitted to set open- 
pollinated fruits in the greenhouse insofar as they were capable of doing so. 

1 In a recent revision of tlie genus Lycopersicon by Muller (U.S.B.A., Mise. Publ. 382) 
the Chilean tomato is treated as the variety deniatum (Bun.) Muller of L. peruviamim 
(L.) Mill. Pending confirmation of the indicated relationship, however, the writer prefers 
to consider it as a separate species. Typical representatives of the species L. peruvianum 
have not shown comparable facility of hybridization with L. escnlentum thus far. 
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Some proved highly fertile, others less fertile, and a few appeared sterile. 
Seeds obtained from a number of the individuals were planted. 

Some sets of seedlings secured in this way as segregating offspring from 
individual plants of the baekeross (Bi) generation appeared on the whole 
much like the cultivated tomato; others showed characters obviously re- 
sembling those of Lycopersicon chUense. All were tested by inoculation 
with tobacco-mosaic virus. Unfaniiliarity with the degree of klendusity to 
be anticipated in the segregating populations may have resulted in failure 
to detect what later would have been readily recognizable tendencies to 
escape disease in individuals in some of these populations. However that 
may be, only one individual capable of escaping disease in the manner of 
the Chilean tomato was identified. It greatly resembled the wild species 
in leaf shape but was more vigorous in growth and larger in size. It was 
the only seedling obtained from one particular plant of the first baekeross 
generation. 

This klendusie seedling did not fruit for some time. Finally, after about 
two years in the greenhouse, it produced and matured a considerable number 
of fruits as a result of open pollination. The fruits were a little larger than 
the I- to i-inch fruits of the Chilean parent, were marked with a much less 
conspicuous purple stripe, and displayed a yellow, rather than a cream, 
color when fully ripe. From 0 to 4 seeds were produced in each fruit ; from 
the fiiist lo3 fruits exactly 153 well formed seeds were obtained and planted, 
irom them 12 seedling's grew. Of these, 6 became infected in early tests; 
whether they were klendusie or not was not properly determined, adequate 
technique for determining klendusity not being available at the time. Of 
the remaining seedlings, 3 grew well enough to be available for more ex- 
tensive tests. When their leaves were rubbed in the presence of juice 
expressed from mosaic tobacco leaves, after dilution such that ordinary 
tomato plants would generally but not always become infected in comparable 
te.sts, all 3 seedlings showed the tendency to escape infection that had been 
noted both in the Chilean tomato from which they had originated and in 
their immediate parent, the lone seedling from a baekeross plant. 

^ Identification of the tendency to escape infection in the parental genera- 
tion and in two successive generations following hybridization and back- 
crossing appeared to be adequate proof of the heritability of this desirable 
characteristic. Its mode of inheritance could not be investigated at the time 
because of low fertility among available derivatives from the hybrid Lyco- 
p^'^i^icon(\HculeniutnxL,€hilense, 


EXPERIMENTS WITH SEEDLING 1196C2 

^ 1 he effectiveness of the tendency to escape infection was tested under 

vani-ty ol i-onditions m 1 of the 3 seedlings above mentioned. This plan 
which will be referred to by its record number, 1196C2, was propagated fo 
more than a year by rooting successive lots of tip cuttings. It’ differs. 

copersicon chUense in its inore vigwous and i: 
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Iiaving foliage less finely divided than that of most varieties of the garden 
tomato, L. escuUntum. 

Plants of 1196C2 and of Bonny Best tomato, in all eases grown from cut- 
tings, were inoculated by rubbing the tips of 3 leaves of each with successive 
dilutions of juice freshly expressed from a mosaic plant of Turkish tobacco, 
Nicotiana tahamm L. Figure 1 shows the results of this and a subsequent 
experiment. In the figure, individuals infected in this experiment are repre- 
sented by the use of black symbols, circles for plants of 1196C2, and tri- 
angles for Bonny Best control plants. It will be observed that all plants of 
1196C2 w^ere infected in the test with undiluted juice, clearly showing the 
essential susceptibility of this clone of plants, but that few w^ere infected 
by the 1 : 10 and none by the 1 : 100 or higher dilutions. On the other hand, 
the Bonny Best tomato plants were all infected in tests with undiluted juice 
and the 1 : 10 dilution, maii}^ by the 1 : 100 dilution, and some by the 1 : 1000 
dilution. Had more leaf surface been rubbed on each plant, somewhat less 
concentrated inocula might have proved effective both for the ordinary 
tomato and for 1196C2 plants. 



Pig. 1. Eesults of rubbing and subsequent pruning inoculations of Bonny Best 
plants (triangles) and 1196C2 plants (circles), as described in text. Black symbols in- 
dicate plants that became infected by the initial rubbing inoculation with the diluted juice 
samples specified. Shaded symbols indicate plants infected only by the subsequent prun- 
ing, which proceeded from right to left along each row (last two plants in each row not 
pruned). Unshaded symbols indicate plants that were not infected by either of these 
operations. Alternation of plant types on a greenhouse bench is indicated. 


It was concluded from this experiment that samples of juice from mosaic 
plants of tobacco would be most serviceable as inocula for distinguishing 
Mendusic from fully susceptible plants if diluted somewhat more than 1 : 10 
but less than 1 : 100 with water. An intermediate dilution, 1 : 50, was tested 
and proved particularly suitable. It often infected none of the 1196C2 
plants in a particular experiment but all of the Bonny Best plants used as 
controls. This dilution was used thereafter to identify klendusic plants, 

A tendency to remain healthy after contaminative superficial contacts, 
such as those furnished by rubbing inoculation, would not necessarily imply 
resistance in the presence of other kinds of virus transfer. Cutting back of 
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vines and pruning of brancdies on successive diseased and healthy tomato 
plants constitute a type of inoculation commonly occurring as a result of 
field and greenhouse practices. These procedures involve wounding of tis- 
sues well below the surface of the plant. It was thought that if the klen- 
dusity of plant 119602 should be dependent on some peculiarity of surface 
cells alone, cutting operations might render the protective mechanism inef- 
fective. To test this point, the plants earlier used for testing different eon- 
eenteations of inoculum were all cut back to within 2 inches of the gTound 
beginning in each row' at the end where heaviest inoculations had been 
applied and most infections had occurred and proceeding tow'ard the end 
where all plants had escaped infection. Plants originally inoculated with 
water alone were not included and remained healthy throughout the course 
ot the experiment. The plants to be pruned were cut successively with a 
razor blade that was cleaned by washing with soap and wmter only after 
the completion of each row. The blade was not cleaned during the euttino- 
of successive plants within each row except as the cutting operation itself 
tended to wipe awmy virus obtained from diseased plants. The cutting in- 
strument became thoroughly contaminated in removing the tops of the'first 
few I'llauts m each row and, in consequence of this, infected all of the Bonny 
Best tomato plants that it subsequently cut; nevertheless, more than half 
of th(> interspersed plants of 1196C2 escaped. This will be seen from the 
rcconl_ j.resented in figure 1, in which plants infected bv this prunim- 
operation are indicated by shaded symbols. All of 42 newly'exposed Bonnv 
Best plants and 30 of 62 1196C2 plants were infected. If only exposed 
phmtsimt immediately preceded by diseased individuals are considered, all 
ot 4. Bonny Best tomato plants and only 8 of 36 1196C2 plants became in- 
lected. It inay be concluded from this and the preceding experiment that 
- le klendusity of 1196C2 plants was effective in the presence of both rubbing 
and tiiittirig* types of inoeulation. 

lendency to escape infection from deep wounding operations suggested 
that the mechanism responsible for klendusity in 1196C2 plants was present 
m many and perhaps aU cells of the plant and was not confined to super- 
fieia layers The nature of this mechanism was not obvious, however. Some 

observation that infected plants of 
...6C-., although they became conspicuously mottled, served poorly as 

6 00^!, Br'" L. Transfers from 

a^r n of mr f ° ^ ® 

oni96rV'MTr?'^^^ comparable transfers from 6 mosaic 
p ; tn? '"f lesions per plant. In each case the source 

DEMONSTHATION OP INimtITOR 

The cou|iI ing of conspicuous mottling with what appiaired to be low vields 
el virus m infected plants of 1196C2 suggested thal juices of the iWd 
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plants migM be inhibitor}^ rather than actually low in virus content. The 
question arose, therefore, whether the juices from healthy 1196C2 plants 
might tend to restrain formation of lesions on inoculated plants of Nicotiana 
gluMnosa in the presence of virus from another source. That this was actu- 
ally the case was shown by inoculating with 3 mixtures, each containing 1 
part of juice expressed from mosaic Bonny Best tomato plants diluted with 
9 parts of one of the following: water, healthy 1196C2 juice, and healthy 
Bonny Best tomato-plant juice. Each sample was tested by inoculating 3 
plants of N. glutinosa. The mixture with water induced the formation of 
264, 152, and 420 lesions, that with juice of 1196C2 plants 38, 40, and 38 
lesions, and that with Bonny Best juice 285, 243, and 205 lesions. The 
striking reduction in numbers of lesions caused by using juice from healthy 
plants of 1196 C2 demonstrated that some decidedly inhibitory agent was 
present in this juice. It suggested that the nature of the juice might have 
played an important part in preventing some 1196C2 plants from becoming 
infected in earlier experiments and might have accounted for the apparently 
low virus content of the individual plants that were infected. If juices of 
1196 C2 plants act in as inhibitory a way upon infection of their own tissues 
as upon infection in tests with iV. glutinosa, it is unnecessary, perhaps, to 
seek further for a plausible explanation of klendusity in these plants, since 
it may be assumed safely that some juices are always liberated from an 
inoculated surface at the moment of inoculation. These juices may be 
sufSeient to affect virus or infected cells, or both, in such a wa}^ as to prevent 
subsequent development of disease. It is possible, of course, that some klen- 
dusic plants later may be found not to possess an inhibitory juice. Should 
this be the case, another mechanism would have to be sought to explain the 
observed klendusity. Tentatively, however, the phenomenon may be con- 
sidered as probably attributable to some inhibitory constituent or con- 
stituents of expressed juice. 

It was thought that advantage from the inhibitory effect of 1196C2 juice 
might be greater under some circumstances than the inoculating and 
pruning experiments thus far described had indicated. Contaminative con- 
tacts under field conditions of tomato culture are likely to involve virus from 
within rather than from outside the planting. To test what might be ex- 
pected to happen if klendusic plants could be substituted for ordinary types 
of tomatoes in field practice, a greenhouse experiment was devised, in which 
mosaic plants of 1196C2 and a succession of healthy individuals of the 
same clone were handled in a way simulating the handling contacts of plants 
taken from a seed bed for transplanting. For controls, diseased and healthy 
Bonny Best tomato plants were manipulated in a similar manner. Plants 
of each kind were arranged in sets of 6 healthy individuals, each set accom- 
panied by a mosaic plant of its own type. For the first test, the right hand 
was used to grasp successively the infected 1196C2 plant and its 6 healthy 
counterparts, and simultaneously the left hand was used in the same way 
for Bonney Best controls. Then both hands were washed thoroughly with 
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soap and water and the process reversed to compensate for any differences 
in manner of making contacts with right and left hands. In the second 
test, the left hand was used for 1196C2 plants, the right hand for Bonny 
Best controls. The same thorough washing of hands and reversal of pro- 
cedure was practiced before making the third and fourth tests. Eesults 
of this experiment on contaminative handling contacts were striking. None 
of 24 exposed 1196C2 plants, but all of 24 exposed Bonny Best plants, became 
infected. The klendusic tendencies possessed by this derivative from the 
hybrid Ly coper sicon esculenhm x L. chilense appeared likely to be highly 
effective under conditions resembling those in field plantings*. 

It cannot be predicted yet whether the characteristic of klendusity in- 
herent in plant 1196C2 and its immediate relatives can be transferred to 
ordinary varieties of tomato, nor whether such transfer if accomplished 
would be compatible with high quality and yield of fruit. During the period 
of experimentation, plant 1196C2 has blossomed less abundantly than its 
immediate parent, which was also klendusic. It has not yet set fruit, though 
now more than a year old. Naturally it is hoped that sterility will not be 
complete, for this would require a return to plants of an earlier generation 
for the production of the additional and more fertile stocks needed to permit 
liivestigatioii of the inode of inheritance of klendusity. 

DISCUSSION 

Klendusity with respect to inoculation through superficial abrasions and 
the types of injury involved in pruning operations obviously would not 
assure that there would be a tendency also to escape infection by insect 
teedmg, should efficient vectors of tobacco-mosaic disease be encountered 
under field conditions. Prom time to time suspicion has rested on hypo- 
thetical insect vectors as possibly responsible for spread of tobacco-mosaic 
disease m tomatoes on certain farms where other detectable means of spread 
have seemed inadequate to account for the observed incidence. It seems 
probable, however, that any insect transmission that may exist will be diffi- 
cult to demonstrate under field conditions until spread by mechanical means 
can be minimized or eliminated. Continued experimentation with klendusic 
derivatives from the Lycopersicon esculentumxL. chilense hybrid would 
seem to be justified even in the absence of knowledge of how* such plants 
mai be affected by insect transmission. Production of horticulturally useful 
klendu.sic varieties, li feasible, would constitute a step toward elucidation 
t le , still nebu ous mseet-veetor problem in connection with tobacco-mosaic 
dm ase m tomatoes in the field, all past experimental work on the subject 
condittnm results having been performed under laboratory 

^riie tendency to e.scape disease encountered in Lycopersicon chilense and 

llemy /'•' V'" ^ as 

etc is • ! r Thi.s second protective char- 

.idumlic, discovered by Porte, Doolittle, and Wellman (.6), provides a 
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passive reaction to infection. It is characterized by no hindrance to infec- 
tion, by high activity of juice from diseased plants, and by absence of ob- 
vious signs of disease. L. cMlense and its klendusic derivatives present a 
very different picture, involving a tendency to escape infection, a low ac- 
tivity of juice from diseased plants, and clear symptoms of disease in any 
plants that become infected. L. hirsutum derivatives, if responding like the 
parent species, would escape damage themselves but would constitute a con- 
cealed reservoir of virus if infected. L. cJiilense derivatives would tend to 
remain healthy, i.c., virus-free, but if infected would respond much as 
ordinary tomatoes do. Both mechanisms may prove valuable for reducing 
the often underestimated effects of tobacco-mosaic disease in commercial 
plantings of tomatoes. 

SUMMARY 

A heritable characteristic of klendusity with respect to abrasive and 
pruning types of inoculation with tobacco-mosaic virus has been found in 
the Chilean tomato, Lycopersicon ohilense Dun., and in certain derivatives 
from its hybrid with the cultivated tomato, L. esculenhim Mill. Whether 
this tendency to escape disease can be transferred to and incorporated in 
ordinary tomato varieties, and that without interfering with quality or yield 
of fruits, remains to be demonstrated. 

Department of Animal and Plant Pathology, 

The Eockepeller Institute for Medical Eesearch, 

Princeton, New Jersey. 
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A TECHNIQUE TO COMPARE VIRULENCE OF ISOLATES OP 
ALTERNARIA SOLANI ON TOMATO LEAFLETS 

P R E D E R I C K L . W E L li M A N 

(Accepted for publication January 2^ 1943) 

The early blight {Alternaria solani (B. & M.) J. & 0.) tLe tomato 
(Li^coperskon esmdentum Mill.) has long caused serious losses. It is recog- 
nized that, in general, Alternaria leaf blight has become in recent years prob- 
ably the most important tomato defoliation disease. Spraying or dusting 
with Bordeaux mixture or other copper fungicides is the common control 
measure for the trouble in the field, but the practice is expensive and the 
application of Bordeaux mixture to tomatoes at times may have an injurious 
effect on the plants (3, 4, 11). The desirability of horticultiirally acceptable 
tomato varieties tliat are resistant to Alternaria is, of course, readily appre- 
ciated and need not here be discussed. Furthermore, spraying uses stra- 
tegic materials, both in spray chemicals and in the spraying or dusting 
equipment, that are required in the present war emergency. All this has 
given furtlier impetus to increased effort of experiment station workers 
toward the development of Alternaria-resistant varieties of tomatoes that 
may i*eplace the present susceptible commercial varieties. The technique 
liereiii described was developed as part of a program leading to such an end. 

Rands (7), Kunkel (5), Bonde (2), as well as others, have observed that 
Alternaria solani is quite variable in cultural characters. Bonde (2) seems 
to have been the only worker who has made an extensive study of the differ- 
ences that may be found in the virulence of isolates of the organism, and his 
work dealt only with tests on potato. 

The technique described by the writer is dependent upon the standard- 
ization and control of as many factors as possible. The most favorable con- 
ditions for the growth of Alternaria and for the leaf-spot attack are known 

"Ij 8), and these were corroborated before being incorporated into the 
experimenta] procedure. 

MATERIALS 

A single eommereiai strain of Marglobe tomato was used as the standard 
host for these studies. It was found that the reactions to inoculum on 
leaflets of this strain were very consistent. Other strains of Marglobe, how- 
ever, as well as other varieties, such as Bonny Best, Globe, and Pritchard, 
were also about equally susceptible to attack. 

A number ot tests of isolates of Alternaria solani w^ere made to compare 
the severity ot disease produced by 7 of the most widely differing isolates 
tlnit had been collected from typical, naturally occurring Alternaria spots on 
tomato plants irom Maryland fields. The specific identity of these cultures 
was further established by examinations of both spore ami eiiltiiral charae- 
ters by Charles Drechsler and me, and by proof of pathogenicity. 
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Two culture media were used. First, an agar medium I devised accord- 
ing to the following formula: agar 12 g., water-ground white corn (maize) 
meal 12 g., cane sugar 12 g., tap water 1000 cc., autoclaved at 15 pounds’ 
pressure for 20 minutes, and used without straining. Second, the Toehinai 
liquid medium (9, 1). 

The incubation chambers in which the growing inoculated plants were 
held were of the type commonly used in such phytopathological studies. 
They were mounted on a bench in a warm greenhouse, had slanting glass 
tops shaded with cheesecloth, and a layer of wet sphagnum moss in the 
bottom. The air temperature inside the chambers ranged from 23 to 27° C. 

PREPARATION OF CULTURES FOR INOCULUM 

The best method of growing Alternaria isolates for inoculation purposes 
were studied. After tests with both liquid and agar media it was found that 
the most satisfactory results were from inoculum grown on agar. A piece 
of young fungus mat about 15 mm. in diameter was planted in the middle 
of an agar plate. After the colony had grown to about 50 mm. in diameter, 
6-mm. disks were cut from just inside its edges as standard bits for inoculum. 

It was found practically impossible at times to handle some cultures in 
certain series so that they would be available to compare with other types of 
the organism that grew more slowly in cultures. Experiments shoived, how- 
ever, that when colonies had grown to the best size for use as inoculum, the 
Petri-dish cultures could be refrigerated (6 to 8° C.) in a moist chamber and 
kept for at least two weeks, after which they could be used for inoculum 
without any appreciable change in relative virulence of the organism. 

METHODS OF INOCULATION AND INCUBATION OF PLANTS FOR VIRULENCE TESTS 

Determination of the comparative virulence of isolates of an organism is 
manifestly dependent on the results of tests on inoculated host plants. Many 
different methods were used in making these tests. Leaflets were inocu- 
lated on growing plants, and excised leaves and leaflets also were inoculated. 
Both attached and excised leaflets were then incubated in moist chambers, 
in light and in darkness, and under a variety of other controlled environ- 
ments. While in certain instances tests with excised parts were promising, 
there also were unexplained failures. Often soft-rot bacteria invaded 
excised leaflets and inhibited and disturbed Alternaria-infection results. 
It also was believed that pathogenicity or virulence determinations on an 
excised host organ might perhaps be less conclusive than kindred observa- 
tions on the same organs attached to growing plants. 

The plants most successfully employed in these studies were grown in a 
warm greenhouse and were ready for use when they had reached the 5-leaf 
stage, which was usually about a month after sowing. Seedlings were 
transplanted into 3-inch pots at the time true leaves appeared as a small bud 
between the well developed cotyledons. The soil used was moderately fertile 
greenhouse compost without additional enrichment. 
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Plants were selected for inoculation that had two fnll-growni primary or 
^^smootlP’ leaves at the base above the cotyledons. The first adult or 
“rough” leaf above the primaries was considered as No. 3. Its nearly ex- 
panded terminal leaflets w^ere chosen for inoculation. In preliminary work 
it w^as found that results on primary leaflets were irregular, and that lesions 
on leaf No. 4 tended to be smaller than those on leaf No. 3. 

In all tests, plants were selected for uniformity from a large population 
and arranged in rows in the inoculation chamber. They were oriented so 
that the tip of leaf No. 3 was pointing in one direction for ease of access by 
the operator, and rows w- ere so spaced that no inoculated leaflets touched 
each other or the top or sides of the chamber. The plants were thoroughly 
w'atered before inoeulating, particular attention being given to gentle 
•washing of the leaflets that were to be used for test purposes. These leaflets 
■were atomized both before and after inoculation. 

The technique employed by Andrus et al, (1) in their “work on Alternaria 
leafspot resistance in tomato was investigated. This method satisfactorily 
demonstrated relatively wide differences in virulence betw^een isolates ; but, 
when finer distinctions were sought, the results were too irregular and likely 
to be confused. Observations at the Bureau of Plant Industry Station, 
Beltsville, Maryland, indicated that unavoidable mechanical injuries from 
top-dipping and the variations in quantity and placement of inoculum -were 
the main sourees of these irregular results. 

Plants grown in pots were watered and arranged in the incubation cham- 
ber as described above. A small spatula made from a piece of stiff platinum 
wire (B, & S. gauge 16) was used to transfer disks of inoculum from Petri- 
dish cultures onto the plants. If the leaflets were dry, plants w^ere atomized 
with water lightly just before inoculation and a disk wms placed fungus side 
up on tlie upper side and at the center of each leaflet. Plants were invari- 
ably atomized again lightly at the time the chambers w-ere closed. Inocu- 
lated leaflets were examined each day for disease progress. 

In judging the right time to record results, a standard culture of known 
virulence w'as always used for reference purposes. Data were taken when a 
majority of leaflets inoculated with this culture had reached the most severe 
stage of injury ; that is, when leaflets were fully involved but remained 
attached to the main petiole, when necrosis of petioliiles had occurred with 
severe epinasty of the whole conpound leaf, and when about a third of the 
infected leaves had dropped because of disease effects. The incubation 
period varied from 4 to 7 days, but the most clear-cut data were generally 
secured at the end of 5 days. 

Tests on plants handled as described are fairly economical of space and 
time. In one chamber 2 ft. 9 in. wide by 15 ft. long, 200 plants were easily 
accommodat(Ml for inoculation purposes. A very satisfactory test unit con- 
sisted ol 10 ifiatits on each of wdiich 3 leaflets were iiioeulated, thus giving* 
30 numerical estimates of virulence for each test. It is believed that 5 
plants per test would be satisfactory in some experiments. It took two 
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workers about 4 hours to arrange and inoculate 380 plants (1140 leaflets 
inoculated) in the incubation chambers, and less than two hours to estimate 
and record relative virulence observed on these plants. 

PROGRESS OP SYMPTOMS OP ALTERNARIA LEAP ATTACK 

It was imperative to Imow' the changes from day to day in appearance of 
a typical alternariadnfected leaflet. These changes were recorded as the 
basis for the numerical evaluation of relative virulence. The progress in 
symptoms of Alternaria leaf spot was studied under both field and labora- 
tory conditions. Notes of disease progress on inoculated plants, were made 
3 times daily in the greenhouse, wdiile observations in the field were made 
once a day. In the greenhouse, rapidity of attack diflered and it would 
seem was correlated wdth the relative virulence of the isolates used for 
inoculum. However, the symptoms always followed a consistent course. 

TABLE 1 . — Typical observed progress of macroscopic symptoms of Alternaria solani 
attacTc of an inoculated leaflet on a Marglohe tomato plant, under eontrolled experimentaU 
conditions 



Symptom appearance (macroscopic) 

Epinasty 

Vim- 

Time observed - 



lence 

Of inoculum 

Of invaded area 

effects 


value*> 

Day 0, afternoon 
' 1, morning 

Inoculum applied 
' ‘ powdery 

No infection 

None 

0 

0 



1, noon 

^ ^ pubescent 

0 



^ ^ 1, afternoon 

Hyphae penetrat- 

Faint stippling 

Questionable 

1 


ing leaf 


tilt of 
leaflet 


^ ^ 2, morning 

1 i 

Irregular narrow ring 

Petiolule 

3 




deflected 


^ ^ 2, noon 

xAerial hyphae col- 

Wider ring 

Slight deflec- 

3 


lapsed 


tion of 
wdiole leaf 


^ ‘ 2, afternoon 

i t 

Zone broader 

Whole leaf 

4 


1 


pushed 

downward 


^ ^ 3, morning 

( c 

Infected spot 18 mm. 

£ £ 

6 


diameter 



^ ^ 3, noon 

( c 

Infected spot 20 mm. 

£ £ 

7 



diameter 



^ \ 3, afternoon 

i c 

Spot same size ; necrotic 

£ £ 

8 



fleck along vein 



^ ‘ 4, morning 

c c 

Spot same size ; necrotic 
fleck along vein; leaf- 
let tip collapsing 

£ £ 

10 

^ ^ 4, noon 

Hyphae growing on 

Spot same size; several 

£ £ 

12 


surface 

necrotic flecks along 
vein; collapse extend- 
ing to base 



^ ^ 4, afternoon 

C £ 

Spot same size ; necrotic 

£ £ 

13 



flecks along vein ; 
whole leaflet necrotic 



^ ^ 5, morning 

Aerial hyphae very 

Leaflet shriveled 

Abscission 

(14) 

abundant 



i' 


See aceompaiiyiEg text of this paper for methods employed in this study and con- 
trolled environment involved. 

b Eor these virulence values, see diagrams in figure 1 and the description of those 
diagrams in the text. 
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Table 1 is a record of successive appearance of tlie symptoms of one typical 
spot as observed on one leaflet in a single experiment. This succession of 
appearances lias been found in general to occur in the field, although the 
spots started as much smaller lesions, were slower in development, and were 
often arrested at a comparatively early stage on the mature leaves under the 
less sheltered, drier, outside conditions. 

It will be seen in table 1, that first macroscopic symptoms of infection in 
the greenhouse appeared at about the close of 24 hours of incubation. In an 
equal period following, there was slow extension of a border of tissue 
darkened by fungus attack around the inoeuluiii-disk. During the over- 
night period that followed the first 48 hours of incubation, the most rapid 
spread of the directly invaded, darkened leaf area was observed. Following 
this, small, irregular, necrotic areas were soon found along and between the 
veins in the moi’e remote portions of the leaflet, even back into the petiohile, 
and sometimes affecting adjacent inoculated leaflets. Microscopic examina- 
tion and isolation studies disclosed no fungal growth in these spots appear- 
ing at some distance away from the main leaf lesion. Increasing general 
flaecidity of the lamina followed appeai'ance of these latter systemic effects; 
and this ended in shriveling of the leaves hearing the severely diseased 
leaflets. 

In my work on fiisarium wilt of tomato (10) epinasty appeared among 
the earliest symptoms. Infection of tomato leaflets by Alternaria also 
causes an epinasty, apparent very soon after the first symptoms of leaf 
attack are macroseopieally visible. Under the described greenhouse condi- 
tions, epinastic effects increase in severity along with increase in the foliar 
lesion and end in dropping (abscission) of the whole compound leaf if the 
terminal leaflets are very severely affected. Leaflets by themselves are not 
dropped. 

NUMEKICAL EVALUATION OP DISEASE SEVERITY ON INOCULATED LEAFLETS 

The usual progress of symptoms under a standard set of conditions -was 
determined from many studies. On the basis of this progression, compari- 
sons were made of the amount of disease caused by isolates that differed in 
various ways, and a numerical grading of virulence -was then devised. The 
grades were readily recognizable, and these grades or values are diagram- 
matically represented in figure 1 (see also table 1 for comparison of disease 
progress with numerical values). 

An inoculated leaflet showing no infection was given the valne 0. The 
first sign of infection was stippling about the inoculation disk, valued at 1 
or 2, depending upon severity. When a discrete, moderately narrow collar 
of infecting mycelium developed on a narrow band of darkened tissue 
around the inoculation disk, the infection was valued at 3. Infection from 
1 to 3, inclusive, was considered ^hnild.^’ As the infection spread beyond 
the didimited collar, the discolored area increased and the different compara- 
tive wiiiths were given the ^^medium’' values of 4, 5, 6, and 7. At 7 there 
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appeared to be an approximate maximum point beyond wbieb little if any 
further expansion of the dark colored infected area occurred around the 
inoculum. The more virulent isolates caused symptoms that appeared as 
small to large isolated water-soaked areas in the leaflet tissue, often some 
distance from the seat of infection. When these occurred the ^hnedium 
severe values 8, 9, and 10 were applied, depending upon intensity of effect. 
As infection increased to ^ ‘ severe, ’ ’ the water-soaked areas enlarged and the 



Fig. 1. Diagrammatic ‘representation of progressive stages in macroscopic symptoms 
of attack on tomato leaflets after inoculation, using a disk cut from a culture of Alternaria 
solani. The disk is represented by black spot at center of leaflet. Virulence values were 
based on 14 stages of attack as follows : No infection (not illustrated) = 0 ; few small 
spots around inoculum = 1 ; ring of small infection spots around inoculum = 2 ; spots 
coalesced into narrow, irregular dark halo 3 ; width of halo about one-third diameter of 
inoculum = 4 ; halo width slightly less than diameter of inoculum = 5 ; halo about same as 
inoculum diameter = 6; halo somewhat wider than diameter of inoeulum=7; few small 
water-soaked flecks outside halo = 8 ; somewhat more advanced than 8, small tip portion of 
leaflet flaecid = 9; coalescence of Avater-soaked spots, half of leaflet wilting = 10; water- 
soaking and waiting of about three-fourths of leaflet = 11 ; all leaflet Avilted except small 
areas at base = 12 ; leaflet entirely waited and shriveled = 13 ; like 13 but Avhole compoxind 
leaf dropped (not illustrated) = 14. 

leaflets became flaccid at the tip. Finally, the whole leaflet, except the base 
near the petiolnle was involved, and hnng limp)ly. These reactions were 
valued at 11 and 12. When a limp leaflet was found shriveled and crinkled 
around the edges it was valued at 13. In the ^S^ery severe’' infections, the 
whole compound leaf to which 3 diseased terminal leaflets ivere attached 
would drop, and this being an extreme severity, it has been suggested that 
it might be given a value of 14. 
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CONSISTENCY OP RESULTS IN REPEATED TESTS 

111 developing the technique incident to the study of relative differences 
in virulence of Alternaria isolates on tomato leaflets, it is essential that a 
test of this kind he regularly reproducible, and that virulence readings be 
consistent in relative magnitude on successive, trials. Consecutive tests were 
run (Table 2), using the 7 isolates as. sources of inoculum and following the 
experimental technique already described. These isolates were selected on 
the basis of their proved wide range of difference in severity of disease 
effects. 

Each isolate was recultured at least twice during the series of tests. A 
new series of plants and cultures was grown for each test. Three of the 
isolates were relatively stable, grew well in culture, and were tested 7 times 
during 4 months. Fewer tests were made with the others because of slower 
' growth or the need for more repeated reculturing due to notably wide varia- 
tions in cultural characters. 

From table 2 it is evident that standard errors were small, results were 
reasonably consistent from one test to another, and dependable comiDarisons 
could.be made of virulence indices. The largest differences between isolates 
are obvious : A and B/ having mean indices of about 10.5 contrasted with F 
and 6 having mean indices at about 1.5. Smaller differences are also de- 
monstrable : C having a mean index of 3.8 ± .09 compared with D having an 
index of 6.8 ±; .16 ; or E having an index of 4.6 ± .13 compared with F hav- 
ing an index of 1.5 ±: .10. Close comparisons should be attempted between 
single evaluations of isolates only when they run within a single test. 
Similarly, limited numbers of repeated evaluations should be compared only 
when involved in completely comparable sets or tests. 

summary 

A laboratory technique was devised to test the virulence of isolates from 
leaf lesions of tomato early blight {Alternaria solani ) . 

Tomato seedlings, about a month old, were grown under standard condi- 
tions, and leaflets attached. to plants were selected for testing virulence of 
isolates. 

Cultures of the pathogen were grown on agar under standard conditions 
“ and standardized pieces of the cultures were used for inoculum. 

The course of symptoms of attack was studied under controlled condi- 
tions of incubation and compared with field observations. 

Progressive symptoms on diseased leaflets were classified according to 
numerical grades, and these numbers were used as virulence values. 

Controlled inoculation studies were made and data %vere compared 
statistically. Keactions w^ere found to be reasonably consistent from one 
test to the next, and the relative virulence was expressed on a numerical 
basis. , 

. U. S. Department op Agriculture,. 

Bureau op Plant Industry Station, 

Beltsville, Maryland. 
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USTILAGO STRIABFORMIS. I. GERMINATION OP 
CHLAMYDOSPORBS AND CULTURE OF FORMA 
AGROSTIDIS ON ARTIFICIAL MEDIA" 

K. W. Keeitlow 
(Accepted for publication ISTovember 13, 1942) 

Tlie widespread occurrence of TJstilago striaeformis (Westd.) Niessl. on 
different species of grasses has led several authors to investigate the life his- 
tory of the organivsm. An interesting feature of these investigations is the 
discrepant reports regarding the germinability of fresh smut ehlamydospores 
and the difficulty of securing cultures of the organism on artificial media. 
Davis (1, 2, 3, 4), made extensive collections of U. striaeformis on Agrostis 
alha L., Phletim pratense L., Poa pratensis L., and Poa annua L. None of 
the collections of fresh ehlamydospores that he tested germinated more than 
a small percentage. As a result, Davis investigated factors that influenced 
germination of the smut ehlamydospores. From the work so conducted, he 
concluded that an after-ripening period was prerequisite for successful ger- 
mination.' Despite the fact that he tried many times, Davis failed to secure 
cultures from after-ripened ehlamydospores. 

Fischer (5), working with a race of TJstilago striaeformis that occurred 
on Agropyron pauciflornm (Schw.) Hitchc.'^ and Elymus glaucns Buckl. ex- 
perienced no difficulty in germinating fresh ehlamydospores of the organ- 
ism. The race with which Fischer worked grew readily on artificial media 
and produced numerous sporidia. The cultural studies conducted by 
Fischer represented the first successful cultivation of U. striaeformis on 
artificial media. 

During the past year, germination tests were conducted with chlamydo- 
spores from smutted plants of Agrostis alha. Most collections of diseased 
plants failed to yield germinable ehlamydospores; however, one of the cob 
lections provided spores that germinated 50-75 per cent. Since an abundant 
source of germinable ehlamydospores was supplied by this collection, it was 
used for most of the studies embodied in this report. 



MATERIALS AND METHODS 

During the fall of 1941, 49 smutted plants of Agrostis alha were trans- 
planted to a greenhouse for observation. The diseased plants were removed 
from 49 sod plugs obtained from 12 widely separated pastures located in 
the central part of Pennsylvania. After each plant was established in a 
4-ineh pot, fresh ehlamydospores from sori in the leaves were tested for 
germinability. 

T- Coutribiitioix No. 43, of the IT. S. Kegioiial Pasture Eesearcli Laboratory, Bureau of 
Plant Industry, Agricultural Eesearcli Administration, U. S. Beixartment of Agriculture, 
in cooiKuation with the nortlieastern states. 

2 Now known as A. trachycaiihim (Link) Malte. 
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All gerniination tests were (3ondHetecl in quadruplicate on microscope 
slides that contained paraffin 'wells. The w^ells were prepared by dipping 
an 18 iniii. glass ring into melted paraffin. The glass ring '^vas then touched 
to a slide and a paraffin ring left superimposed.. The process was repeated 
so that four paraffin atcUs w^ere deposited on each microscope slide. By 
placing the wells along one side of the slide, sufficient space was left belo'w 
each well for labeling. 

RESULTS OP GERMINATION TESTS 

When fresh chlamydospores from each, of the 49 plants w^ere tested for 
germination, two plants from one pasture yielded chlamydospores that ger- 
minated 50-75 per cent. The plants of this collection, designated i4A, were 
obtained from a pasture near Lamar, Pennsylvania, on October 24, 1941. 
Tests of 11 smutted plants subsequently secured from different parts of this 
same pasture revealed that fresh chlamydospores from 7 of the plants ger- 
minated 1-75 per cent, while fresh chlamydospores from the remaining 4 
plants failed to germinate. None of the diseased plants collected in other 
pastures provided more than an occasional germinable chlamydospore. 

EFFECT OF DISTILLED AND TAP WATER ON GERMINATION 
OF CHLAMYDOSPORES 

Since collection 14A provided an excellent source of germinable chlamy- 
dospores, tests were conducted to determine what influence different kinds 
of wTiter had on germination of spores. This was done to determine, if pos- 
sible, the reason why most chlamydospores of TJ, striae formis forma agrosticlis 
'W. H. Davis fail to germinate in a fresh state. 

For each test, 3 kinds of water wure used ; tap wuter, wuter distilled in 
a Pyrex glass still and wuter distilled in a tin still. A drop of water was 
placed wdthin each paiuffin well and chlamydosjiores were scraped from sori 
on diseased leaves and dispersed in the individual drops. Each slide so 
prepared was then placed in a Petri dish moist chamber and incubated at 
room temperature for 16-24 hours. 

Excellent germination occurred in each of the three kinds of wuter. This 
eliminated the possibility that w^ater used for germination tests contained 
substances likely to inhibit germination of the smut spores. 

When germinable chlamydospores wmre placed in drops of water and 
each drop was covered with a covergiass, germination failed to occur, sug- 
gesting that the spores required free access to atmospheric conditions despite 
the fact that many spores germinate below the surface of uncovered drops 
of wuter. 

INFLUENCE OF ALCOHOL AND ETHER ON GERMINATION ' 

OF CHLAMYDOSPORES 

Davis (1) discovered that the after-ripening period of sinxit ehlamy do- 
spores could be decreased appreciably by treating the spores w^ith ehloro- 
ioimi and citric acid. This suggested the possibility that non-germinable 
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spores of Ustilago striaeformis miglit be treated witli different agents and 
induced to germinate without first subjecting' them to an after-ripening 
period. Preliminary tests -were therefore conducted to determine what effect 
alcohol and ether had on germinable chlamydospores of U. striaeformis. 

Chlamydospores from collection 14A were treated with 95 per cent ethyl 
• alcohol. Microscopic examination of spores so treated revealed that the 
spores collapsed almost instantaneously. When the treated spores were 
placed in water, they regained their turgid condition and appeared uiiin- 
jiired. Germination tests revealed that momentary treatment with 95 per 
cent ethyl alcohol failed to injure the spores. Longer treatments of 15-30 
seconds duration caused complete inhibition of germination despite the fact 
that the collapsed spores returned to a turgid state. 

When germinable chlamydospores of Ustilago striaeformis were placed 
in di-ethyl ether, they survived treatments of several minutes duration 
despite the fact that the spores collapsed. Germination was reduced con- 
siderably by the longer treatments but a short exposure to ether failed to 
decrease subsequent germination. 

Chlamydospores that failed to germinate in a fresh state were then pro- 
cured from a similar series of Agrostis alha plants and treated with ethyl 
alcohol and ether. All attempts to stimulate germination by treatment wdth 
these agents failed. 

EFFECT OF AGE AND POSITION OP SMUT SORI IN THE LEAP 
ON SPORE GERMINATION 

, Davis (1) concluded that germination of fresh smut spores from differ- 
ent grasses wms not dependent on age of the leaf. He found, however, that 
the after-ripening period was shorter for spores removed from dead leaves 
than for spores removed from green leaves. Davis also demonstrated that 
spores from different sori within a leaf varied with respect to gerniinability 
and length of after-ripening period. With this in mind, tests were con- 
ducted to determine whether or not similar conclusions could be drawn from 
the material at hand. 

Smut spores from leaves of different plants of collection 14A were tested 
for gerniinability. The minimum germination encountered was 1 per cent 
while the maximum was 75 per cent. A wide range in germination w^as also 
discovered when chlamydospores from different plants within a clone were 
tested for gerniinability. Variation in germination to the same extent was 
encountered w-hen similar tests were conducted on different smutted leaves 
from a single plant. In keeping with Davis ^ contention, age of leaf wm,s 
found to be of minor importance in germination of the smut chlamydospores. 

Spores were next removed from numerous sori along the entire blade of 
a leaf and tested for germination. The results confirmed those of Davis 
who found that spores from different sori in the same leaf varied in ability 
to germinate. Further tests revealed that mature spores removed from 
ruptured or unruptured sori or even from different parts of the same sorus 
differed markedly in ability to germinate. 
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INFLUENCE OF STORAGE TEMPERATURE ON" SURVIVAL 
OP CHLAMYDOSPORES 

Leaves from smutted plants of collection 14A were stored drv at room 
temperature, 10° C., and 5° C. to determine what effect storage temperature 
had on germinability of chlamydospores. Spores in leaves stored 4 days at 
room temperature failed to germinate. Smutted leaves stored at 10° C. for 
30 days yielded germinable chlamydospores, ho^Yever, germination was re- 
duced from an original 75 per cent to less than 10 per cent. Chlamydospores 
from leaves stored at 5° C. survived 28 days with a similar reduction in 
germinability. These tests demonstrated that fresh, germinable spores of 
U. striaefoy^mis were capable of surviving at least 30 days when stored at 
favorable temperatures. 

CimTIVATION OP USTILAGO STRIAEFORMIS FORMA AGROSTIDIS 
ON ARTIFICIAL MEDIA 

Since excellent germination of fresh chlamydospores occurred in drops 
of water, the possibility of securing germination on agar media wu.s investi- 
gated. For this purpose, drops of 3 per cent potato-dextrose agar w^re 
placed asepticaliy on sterile coverslips. Spores from smutted leaves were 
next transferred as asepticaliy as possible to the agar drops, and the cover- 
slips were inverted on glass rings in Petri dish moist chambers. 

After 24-36 hours incubation at room temperature, the agar drops inocii- 
lated with chlamydospores were examined for spore germination. Each 
gerininated spore usually displayed a single branched or unbranehed promy- 
celiiim 20 to 50 p long. No sporidia were observed although lateral branches 
resembling sporidia were frequently noted on rapidly growing promycelia. 

Single germinated chlamydospores were then removed from the agar 
drops by means of a micromanipulator and transferred to fresh drops of 
agar. About 25 per cent of the chlamydospores so handled continued their 
growth and developed into strictly mycelial colonies. A typical germinated 
spore with lateral mycelial branches is showm in figure 1, A, The^ mycelial 
type of growth secured in cultures of Z7. striaeform/is forma agrostidis is a 
marked contrast to the sporidial type of growth obtained by Fischer (5) 
from II. striaeformis forma hordei G. Fischer. 

Of 10 single-chlamydospore cultures secured from diseased plants of 
AgrostiH alha, two different biotypes were observed. Colonies of one form 
were characterized by a flat, lustrous, ridged growth that wus a light buff*® 
on potato-dextrose agar. This colony-form is illustrated in figure 1, B. 
Colonies of the other form were slower growing and were of a fluffy, raised 
rny(-elial type of growth that was also light buff. A representative of this 
colony-form is sliowu in figure 1, C. 

The (Effect of different temperatures on growth of the cultures was de- 
termincHl by gr()wing the organism in 250-ce. flasks that eoiitai ned 5()-cc. 
ali(iuots ot })otato-dextrose agar. Each culture was grown at 7 different 

Ridgsvay, R, Uoior stamlartls and eolor iiorueiiclature. 43 pi)., r)3 colored nlat(‘s. 
(Washington, l>. C.). 1912. ’ 
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temperatures arranged at 5° intervals from 5° C. to 35° C. Best growth 
occurred at 20° 0. and 25° C. No grovdh occurred at 35° C. and only 
feeble growth at 5° C. 



Fig. 1. Germinating ehlamydospore and cultures of Ustilago striaeformis forma 
agrostidis. A. CMamydospore after 72 hours on potato-dextrose agar, x 636. B and 
C. Cultures on potato-dextrose agar in 90-mm. Petri dishes. Growth after 19 days at 
27° C. 


DISCUSSION 

Tlie discovery that an occasional collection of Ustilago striaeformis forma 
agrostidis is capable of germinating immediately when removed from the 
plant gives added incentive to the investigation of why most collections of 
this smut fail to germinate unless they are subjected to an after-ripening 
period. It seems probable that the collection that germinated readily, in 
contrast to the majority of collections that fail to germinate, is a physiologic 
form or strain within the race Z7. striaeformis fornm agrostidis^ although the 
data available at present do not eliminate the possibility of a differential 
effect of the host plant upon this character. The germinable strain may 
be further subdivided into biotypes based on cultural characteristics as 
indicated in this paper. 
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Tlie question then arises whether or not UstUago striaeformis is in reality 
a eollection of species and should be recdassified with respect to natural hosts 
and inoeiilation studies on related and unrelated hosts. Work by Davis, 
altliongh not conclusive showed that chlaniydospores of TJ. striaeformis taken 
from timothy failed to infect redtop when cross-inoculation tests were car- 
ried out with these and other grasses. On the basis of inoculation tests, 
spore size, and spore morphology, Davis concluded that distinct biological 
races of the smut occurred on Agrostis alha, Phlewn pratense^ Poa pratensis 
and Poa amnia. Fischer’s extensive inoculation tests (5), demonstrated 
that the race of smut with which he wmrked readily infected species of Ag- 
ropyron^ Elymus, and Hordeiim but failed to infect species of Poa, PJileiim, 
Agrostis^ etc. Only the weight of further experimental evidence will dem- 
onstrate wiiether or not LL striaeformis is an assemblage of species or forms. 

SUMMAEY 

A collection of UstUago striaeformis forma agrostidis, the chlamydo- 
spores of which germinate without an after-ripening period, is described. 

Chlaniydospores selected from the same sorus or from different sori on 
the same plant vary in ability to germinate. 

Single-ehlamydospore cultures of this race of the organism, were grown 
on artificial media. 

Growih of the cultures wns strictly mycelial in form and could be differ- 
entiated into 2 biotypes. 
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DISAPPEARANCE OP VIRUS PROM MOSAIC-DISEASED 
SUGARCANE PLANTS 

I. L. I'OEBES AND P. J. MiLLS 
(Accepted for publication October 26, 1942) 

Sugarcane is propagated vegetatively by planting stalks. In varieties 
very susceptible to mosaic, all plants developing from a diseased seed piece 
usually show mosaic. In some varieties, however, one or more buds on a 
diseased seed piece may develop into plants free from mosaic symptoms. 
This observation has been reported by several workers. Lyon (3), in 
Hawaii, reported that shoots of the Lahaina cane threw off mosaic during the 
growing season. Also, healthy plants were observed to develop from 
stubble pieces of cane that had mosaic the previous season. Kunkel (2) also 
observed that certain mosaic-diseased stools of sugarcane often recovered. 
■When seed cane was taken from these stools and planted, the young shoots 
remained healthy for a time, though later some developed mosaic. Kunkel 
considered this as probably a new infection. East (1), in Cuba, observed 
much the same thing. He found that some of the plants remained healthy 
for over a year, while others became infected within 3 months and then recov- 
ered again. He set forth two hypotheses that might explain this. The host 
might kill the virus and throw off the symptoms, remaining partially resis- 
tant for a time, or it might reduce the virulence of the virus for a time, in 
which case symptoms might again appear if the resistance of the host was 
lowered. Tims and Edgerton (4) in Louisiana reported that the relative 
resistance of P.O.J. 213 and P.O.J. 228 was to a considerable extent due to 
the ability of the plants to throw off the disease and to produce virus-free 
buds. Infected stalks of these varieties, when planted produced both 
healthy and diseased shoots. The resistant varieties produced a much 
greater number of healthy shoots than did the susceptible varieties. They 
reported also that mosaic symptoms commonly disappeared on the resistant 
P.O.J. canes. Many plants showing the disease in early summer were ap- 
parently healthy in the fall. In a later investigation, Tims, Mills, and 
Edgerton (5) found recovery from mosaic to be common in C.P. 29/320 and 
C.P. 28/11, and occasional in C.P. 28/19. The infective virus was not always 
absent from plants which had apparently recently recovered from the dis- 
ease, since in some eases the disease wms produced by inoculating juice from 
such plants into healthy plants. The percentage of infection, however, was 
not high. 

In Louisiana it has frequently been observed that when mosaic-diseased 
stalks of sugarcane are planted some buds on such seed pieces develop into 
plants free from mosaic symptoms. It also has been determined Avith certain 
rmrieties, that mosaic symptoms disappear very commonly in the field from 
some plants during the groAving season. The question naturally arises, — 
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are siieli plaiits free from the mosaic virus, and are they immune from infec- 
tion by the same virus ? 

In order to obtain more definite information in regard to the virus con- 
dition of sugarcane plants in which the mosaic symptoms had disappeared, 
it seemed desirable to carry out further tests. The results of experiments to 
determine whether or not plants without mosaic symptoms, grown from dis- 
eased stalks, or plants from which symptoms disappeared during the growing 
season still contained the mosaic virus, and whether or not such plants were 
immune from reinfection with the same virus are reported in this paper. 
The results were largely obtained from inoculation tests. 

In all the infection tests the mosaic was transmitted by juice inoculations. 
Diseased shoots were macerated in a food chopper and the juice extracted 
from the material by pressure in cheesecloth. Several cc. of juice was 
placed in the Avhorl of leaves at the top of the plant and inoculation was 
effected by pricking through the spindle of the plant with fine needles that 
carried the virus into the young, growing tissues of the leaves. Under good 
growing conditions, mosaic symptoms usually showed in the newly developed 
leaf tissues in two to three wrecks. For some unknown reason the percentage 
of inoculated plants that developed mosaic was often rather low, especially 
with varieties in which the rate of pick-up of mosaic in the field wms slow. 
As the work was carried on in fields well isolated from mosaic-diseased cane, 
very seldom were mosaic symptoms observed in plants not inoculated. The 
period of time during which infection could be obtained by artificial inocula- 
tion was limited to the months of May and June. It was practically impos- 
sible to obtain satisfactory infection after early July. Whether or not this 
was due to high temperatures during this portion of the growing season, to 
high light intensities \vhich might possibly inactivate the virus in vitro dur- 
ing the time required for inoculation,, or to some other factor is not known 
at the present time. Due to this fact, however, it was impossible to deter- 
mine by inoeuiation whether or not plants from which mosaic symptoms 
disappeared during the current season were susceptible to reinfection by the 
mosaic virus. 

SUSCEPTIBILITY OP RECOVERED PLANTS 

In order to determine whether or not mosaic-free plants grown from 
diseased stalks were immune from infection, the followdng experiments 
were made. 

In a test started March 16, 1942, in the greenhouse, 10 symptomless 
plants of C.P. 28/19, grown from diseased stalks, were inoculated with a 
virus from C.P. 28/19. As checks, 10 healthy plants of the same variety 
and 10 liealthy plants of the variety Co, 281, grown from healthy stalks, 
were iiuxmlated with the same virus. Final results were read May 6. Of 
the 10 s\mptomless ])Iants iiioeiilated, 6 developed iriosaie and 4 no mosaic. 
Ot the 10 check ])lants of C.P. 28/19 inoculated, all developed mosaic. Of 
the 10 cluM'k plants of Co. 281 inoculated, 8 developed mosaic and 2 no mosaic. 

On Ma} 11, 1942, an experiment w^as made in the field in 'vvhich 7 symp- 
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tomless plants of C.P. 28/19 grown from mosaic-diseased stalks were inocu- 
lated with C.P. 28/19 virus; and 5 symptomless plants of C.P. 33/243, 
grown from diseased stalks, were inoculated with C.P. 33/243 virus. As 
checks, 5 plants of C.P. 28/19 and 5 plants of C.P. 33/243, grown from 
healthy stalks, were inoculated with mosaic virus from C.P. 28/19 and 
C.P. 33/243. Final results were read June 25. The 7 symptoniless plants 
of C.P. 28/19 developed mosaic. Of the 5 symptomless plants of C.P. 33/243, 
4 developed mosaic and 1 no mosaic. In the checks, 4 of the 5 C.P. 28/19 
plants and all 5 of the C.P. 33/243 plants developed mosaic. 

Prom the results obtained it is apparent that sugarcane plants that have 
recovered from the mosaic disease or symptomless plants that have devel- 
oped from mosaic-infected seed cane will take the disease when inoculated 
and are in no sense immune. 

ABSENCE OF VIRUS IN RECOVERED PLANTS 

In order to determine whether active infective virus was present in 
sugarcane stalks which had apparently recovered from the mosaic or in 
stalks that had developed from niosaic-infeeted seed pieces, a number of 
tests were carried on during the seasons of 1940, 1941, and 1942. In the 
tests, juice was expressed from symptomless plants that had developed from 
infected seed pieces and from plants from which the mosaic symptoms had 
disappeared. The results of the tests are included in the table. In all 
experiments, for controls healthy plants were inoculated with virus from 
mosaic-infected plants. 

In the 17 tests (listed under 11 experiment numbers in table 1) in which 
425 plants were inoculated wdth juice from a total of 59 symptomless plants, 
only one developed the mosaic disease. This one can be assumed to have 
developed from natural infection. Of the checks inoculated with virus from 
mosaic-infected plants, 43,1 per cent developed mosaic. The evidence 
seems to be conclusive that the symptomless plants did not contain active, 
infective virus. 

SUMMARY 

Experiments were carried out during 1940, 1941, and 1942 involving 
inoculations of healthy cane plants with juices from (1) mosaic plants, 
(2) symptomless plants growui from diseased seed pieces, and (3) plants 
from which mosaic symptoms had disappeared during the current season. 

These experiments comprised seventeen sets of comparisons, involved 
6 varieties of sugarcane, and included 790 inoculations. 

In each of the 17 experiments inoculations with juices from mosaic canes 
were followed by a development of mosaic symptoms. The percentage of 
infection ranged from 10 to 80 per cent. 

In. 16 of the 17 experiments inoculations with juices from symptomless 
caiiesi grown from diseased seed pieces, and inoculations with juice from 
plants from w^hich symptoms had disappeared during the current season 
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were not followed by a development of mosaic symptoms. In one experiment 
symptoms developed on one out of 15 plants inoculated. Tlie development 
of symptoms under tliese cdreumstances was attributed tlie secondary infec- 
tion in the field. 

Tlie results obtained appeared to establish the fact that no infective 
virus was present in symptoinless plants grown from sugarcane seed stalks 
originally exhibiting mosaic symptomSj nor in plants from which symptoms 
disappeared during the current season. 

Experiments made in 1942 showed that mosaic-free plants grown from 
diseased seed pieces were not immune from reinfection by the mosaic virus. 
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MOSAIC SPOTS OP FIG FEUITSV 

Ira J. COITDIT2 and W. T. Hornes 
(Accepted for publication November 30, 1942) 

111 earlier papers on fig mosaic,^* ^ brief mention was made of tlie occur- 
rence of mosaic spots on fig fruits. The wide prevalence of these spots, 
both on caprifigs and on edible figs, warrants a more detailed account of the 
manifestations of this disorder. 

MOSAIC SPOT OP CAPRIFIGS 

In a bulletin® entitled ''Caprifigs and caprifieation, ’ ’ published some 
20 years ago, there appeared an illustration of an unusual spotting of 
caprifigs, with the following caption: "This peculiar spot or blemish is a 
characteristic of some of the profichi ... of the Samson (Markarian No. 1). 
It is founds on all trees of the variety and is evidently distributed by cut- 
tings. ’ ’ These blemishes marred the appearance of the figs and prevented 
them from developing properly. Examination of specimens failed to 
show any pathogen present. Eecent observations have confirmed the 
opinion previously expressed,^’® that this spotting of caprifigs is a mani- 
festation of fig mosaic. 

Occurrence 

The mosaic spot of caprifigs has been observed only on the profichi, which, 
in the hot interior sections of California, mature early in June. The spot 
has not been seen on any of the mammoni or summer figs, which follow the 
profichi, or on the mamme figs, in which the fig insects or blastophagas pass 
the winter. Nor has any similar spot or blemish been noted on the leaves 
of these trees, although many of the leaves show mosaic spots and malforma- 
tions. 

The Samson Caprifig. The spot w^as first found on the Samson caprifig, 
a variety probably introduced from Asia Minor in 1882, by 6. P. Eixford, 
and established on the Stanford Eanch at Vina, California. From this 
introduction many cuttings were propagated and distributed by various 
persons, including Herbert Samson of Corning and Henry Markarian of 
Fresno. The latter gave it the variety name Markarian No. 1. The mosaic 
spot has been present on a certain percentage of profichi of eveiy Samson tree 
examined in the fig districts of California. No similar spot has been 

1 Paper No. 485, University of California Citrus Experiment Station, Riverside, Cali- 
fornia. 
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found on profiehi of Roeding No. 3, Stanford, or any of the dozen other 
varietie.s of eaprifigs commonly grown. 

Profiehi of the best varieties of eaprifigs set and mature practically 
100 per cent of the crop. Samson figs that are affected by spotting in- 
variably drop prematurely; some drop when small, others become mal- 
formed and then drop, while a few reach almost full size and color, even 
though tlie spotting is present. Noninfeeted figs are dark green in color 
until almost fully ripe, and are symmetrical in shape without prominent 
external blemishes. 

A census of the profiehi borne by a Samson tree at Riverside showed 
that 37.2 per cent of these fruits were visibly spotted. 


Phytopathology 


[VoL. 33 


^ - '■ _ si'- 


Fig. 1. Mosaic spot of tlie eaprifig has been found only on the Samson variety and 
on a few seedlings,* it is apparently caused by a virus. 

Caprifig Seedlijigs. A few years ago, mosaic spots very miicli like those 
oil the Samson were found on a seedling caprifig. Since then similar spots 
have been found on the profiehi of 58 eaprifig seedlings out of a total popu- 
lation of 4,034 seedlings that have been fruiting at Riverside since 1937. 
^lost oi; these seed.lings were the progeny of 6 common figs pollinated by 
Roeding No. 1 caprifig, which never shows mosaic spots. No seedling eapri- 
figs of the cross Calimyrna x Samson showed this mosaic spotting of profiehi, 
althougli it is the Samson on which the spot is so prevalent. 

Tlie Mosai<*. Spot and its Effect on the Fruit 

Th(‘ mosaic*, spots on ea])rifigs are first manifest as watery or discolored 
arenas on tlie body or neck of the fruit. These areas gradually become 
(drciilar, or cresc*ent-shape, in outline, often forming rings from 1 to 6 inm. 
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ill diameter (Fig. 1). The most distinctive spots are circular, craterlike pro- 
trusions, depressed at the center, the whole becoming brownish in color and 
finally necrotic. Some spots are in the form of concentric circles, the 
outer circle occasionally as much as 10 mm. in diameter. Other spots are 
irregular in outline, brownish in color, and bordered by areas deficient in 
chlorophyll. 

The necks of profichi appear to be very susceptible to this spotting. 
Frequently, the tissues on only one side of the neck are affected, and the 
result is a characteristically lopsided or crooknecked fruit (Fig. 1). 

Laboratory Studies 

Tissues of profichi affected by spotting were prepared by the paraffin 
method, sectioned, and studied under the microscope. 

Cells of the parenchyma are the first ones to be affected. In this tissue 
there appear dense aggregations of cells, often with collapsed walls, as con- 
trasted with the spherical and normal thin- walled cells. The affected cell 
areas gradually enlarge until they extend from the fibrovascular bundles 
to the surface of the fruit, and the ^vhole area becomes more or less 
necrotic. 

Spotted fruits of the profichi crop of the Samson caprifig, wdien cultured, 
failed to produce any organisms that might be responsible for the spotting. 
No fungus hyphae w’-ere found in thin sections prepared for microscopic 
examination. 

MOSAIC SPOTS OP edible FIGS 

No spots exactly like those found on caprifigs have been noted on edible 
figs, although at least 3 seedlings have shown fruit with spots somewhat 
comparable. These 3 seedlings are : No. 32-49, of unknown parentage ; and 
Nos. 61-51 and 61-56, both of the progeny White Genoa x Roeding No. 1. 
The spots on No. 32-49 are often in concentric rings, although they appear 
mostly as minute pustules. As shown in figure 2, E, spots on seedling No. 
61-51 are unusually prominent and appear as brown rings or as dark eircular 
areas. The spots persist on the mature fruit and somewhat mar the normal 
coloi^ation. 

Mosaic spots on fruits of named varieties show a definite relation to leaf 
mosaic on the same tree. Thus Mission, which is often badly mosaicked in 
foliage, shows prominent spotting of the immature fruit (Fig. 2, A). Tur- 
key also shows mosaicked areas, both on leaves and on fruit. On figs of 
these two varieties, the spots are mostly apparent as sharply defined, light- 
green circular areas contrasting wdth the normal dark-green color of the 
fruit. In some varieties, such as Grise St. Jean, the cii'eular spots may 
become rusty or necrotic (Fig. 2, B). As previously recorded,'^ mosaic spots 
on fruits of Brunswick (Fig. 2, G), Celeste, and Sultane, not only cause 
deformation of the fruit but also bring about premature abscission of the 
fruit stalk. 


7 See footnote 4, 
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TRANSMISSION OF PIG MOSAIC 

Mosaic spots on fig fruits are assumed to be caused by tbe same virus that 
causes mosaic of fig leaves. A preliminary experiment on the transmission of 
the disease was accordingly attempted. 

Plants of tomato and of wild tobacco {Nicoiiana glauca Graham) were 
inoculated with the sap from conspicuously mosaicked shoot tips and leaves 
of Mission fig trees. Carborundum powder w-as used in' these inoculations, 
substantially as suggested by Rawlins,® except that the infusion was diluted 


FiQ. 2. Mosaic spots on edible figs. A. Mission. B. Gxise St. Jean. 0. Binins- 
wick. D. Turkey. B. Seedling 61-51. 

with distilled water (the amount of water being less than that of crushed 
tissue) and the leaves of the plants were rubbed rather vigorously with a 
cotton plug before inoculation. The inoculum was washed off after a few 
minutes by sprinkling the plants freely. Results were apparently negative. 
J. M. Wallace kindly assisted in examination of the treated plants. 

SUMMARY AND CONCLUSIONS 

Over twenty years ago Samson eaprifigs of the profiehi crop were found 
bearing blemislu^s or spots in the form of circular brownish protrusions. 
These spots were found only on the Samson and appeared on profiehi of all 
trees of tiiis variety examined in California. Affected figs become mal- 
formed and drop prematurely. During the past few years, similar spots 
liave been found on 58 caprifig seedlings out of a total population of 4,034 

Rawlins, T. K., and C. M. Tomkins. Studies on the effect of carborundum as an 
atirasive in plant virus inoculations. Phytopath. 26: 578-587. 1936. 
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seedlings fruiting at Eiverside. Mosaic spots of caprifigs, when cultured, 
failed to produce any pathogen that might be responsible for the spotting. 
This spotting of caprifigs is apparently the result of a mosaic disease rather 
narrowly restricted as to its host and somewhat peculiar in its expression. 

Mosaic spots on edible figs differ somewhat from those on caprifigs. 
Some are in the form of concentric rings or dark circular spots, while 
others are apparent as sharply defined, light-green circular areas. 

Attempts to transmit leaf mosaic of fig to tomato and wild tobacco ivere 
unsuccessful. 

University op Calipornia Citrus Experiment Station, 

Riverside, California. 




•GROWTH SUBSTANCES AND THE RUST FUNGI^ 

David Gottlieb and Helen Hart 
(Accexited for publication December 21 , 1942) 

Relationsliips between tlie fungi and growTh substances have been inves- 
tigated since tlie turn of the 20th century, but it is only as chemically pure 
growdh substances were made available that the information has been defi- 
nite and detailed. Since 1930, research on vitamin requirements of fungi 
has increased greatly, and a recent review of the literature by Robbins and 
Kavanaugh^ lists about 350 fungus species whose vitamin relationships have 
been studied. The genera Piiccinia and Erysiphe are not mentioned in the 
report of Robbins and Kavanaugh; and it is only recently that Pryor'^ 
reported that under certain conditions thiamin increased the development 
of powdery mildew on cantaloupe. Except for this work on Erysiphe^ no 
information is available concerning the vitamin requirements of these obli- 
gate parasites. Naturally, one cause has been the impossibility of growing 
these fungi except on their natural hosts. Another may be the assumption 
that obligate parasites receive all the necessary vitamins or growth sub- 
stances from tlieir hosts. Not all hosts are equally suitable for growth of 
rusts, however. A certain rust may grow well on one host and poorly or not 
at all on a closely related one. For example, race 17 of Puccinia graminis 
tritiei grows well on Marquis but is unable to grow to any extent on Reliance, 
both vulgare wheats. The opposite is true of race 38, which grows well on 
Reliance and poorly on Marquis. Although, it has not been proved that 
wdieat plants contain substances that promote growth and development of 
fungi, the inability of a rust race to grow within the noncongenial host may 
be due to absence or to insufficient amounts of proper growth substances. 
One variety of wheat might contain sufficient quantities of the growth sub- 
stances required by many of the physiologic races of rust and would be sus- 
ceptible to those races, while another variety might lack the particular 
growth-promoting substances needed by a certain race and as a result would 
be resistant to that race. It seemed possible that supplementing whatever 
a natural host afforded a rust parasite might enable the rust to make better 
progress in tissues of a host on which it grevr poorly or not at all. There- 
fore, a number of experiments were made with 4 physiologic races of Puc- 
cinia gimninis avenae on 3 varieties of oats and 7 races of P. graminis tritiei 
on several varieties of common and durum wheat, an emmer, and einkorn. 

I , Paper No. 2054 in the Scion tifie Journal Series, Minn. Agr. Exp. Station. 

a Robhins, William J., and Virgcne Kavaiiaiigli. Vitamin deliciencies of the fila- 
mentoUH fungi. Hot. Rev. 8: 412-471. 1942. 

-’•Pryor, Dean E. The influenee of vitamin B, on tlie development of cantaloupe 
pewderj mildew. Phytopath. 32: S85-895. 1942, 

■■.■'■ 724 "^ ■ 


1943] 


Gottlieb and Hart: Growth Substances 


725 


EFFECTS OP GROWTH SUBSTANCES ON REACTIONS OP SEEDLINGS 

TO RUST 

Only water-soluble growth substances were used in experiments with 
wheat or oats seedlings and their respective stem rusts. Thiamin chloride, ■ 
riboflavin, nicotinic acid, ascorbic acid, and beta-indole acetic acid were used ■; 

alone, in 10“^ or molar concentration, and a mixture of the 5 substances | 

also was used and designated ^'mixture.’’ Cereal seeds were soaked in the 
reagents for 24 hours preceding planting. In some experiments each 4-inch 
pot of seedlings received 75 cc. of the appropriate solution each day, so that | 

the vitamins might be absorbed through the roots. It was expected that 
such absorbed materials would soon reach mesophyll cells of the seedling I 

leaves and become available to the rust hyphae through their haustoria 
within the cells. In other experiments vitamins were supplied directly to ' 

the mycelium by filling the interstices of the leaf tissue with the solution. A 
hypodermic syringe fitted wuth a short, thick- walled rubber tube in place of 
a needle, as Newton, Lehman, and Clark^ suggested, w^as placed against the ^ 

leaf surface and the vitamin solution was gently forced through the stomata 
until the interstices were filled and about 2 inches of the tissue on both sides 
of the rubber tube appeared water-soaked. With slow^ and gentle pressure, 
no injury resulted. The water-soaked appearance lasted only a short time, 
usually less than an hour ; but during that time the solution and rust myce- 
Hum were in direct contact. In still other experiments rusting seedling ^ 

leaves were supplied with vitamin solutions by a method used by Gassner 
and Hassebrauk." Pots of rusting seedlings were inverted over solutions 
of growth substances, and the leaves remained submerged for several hours j 

at a time to permit a certain amount of absorption through the leaf. Table 
1 summarizes the different seedling experiments. Throughout the series 
there w^ere no consistent changes in development of rust or in seedling host ■ 

reaction to rust that could be attributed to the treatments with growth sub- | 

stances. There were minor differences in the number of hours required for ^ 

flecking, in the degree of chlorosis of infected tissues, and even in the 
abundance of sporulation. The reactions of Khapli emmer to race 15 of 
Puccinia graminis tritici ranged from flecks to type 1 and those of Marquis 
to its virulent races ranged from type 3 to type 4. Nevertheless, the varia- 
tions were not consistent in duplicate pots of seedlings nor in repeated ex- i 

periments. Most of the variations from the cheeks were within the range 
of variability normally attributed to slight differences in environment. No I 

host that was normally resistant to the rust race involved became susceptible ] 

to that race after vitamin treatment; and there -was no definite suppression l! 

of rust in hosts that were normally susceptible to the rust race used. The 

^ Newton, E., J. Y. Lelmian, and A. E. Clark, Studies on the nature of rust resistance 
in wheat, Gan. Jour. Ees. (C) 1: 1929. 

5 Gassner, G,, and K. Hassehrauk. tiher die Beeinfliissung der Eostanfalligkeit durch 
Eintauehen geimpftes Blatter in Ldsungen von Miner alsalzen und anderen Stoffen, Pliy- 
topatli. Zeitsehr. 5: 323--342, 1933, 
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water-soluble growth substances apparently exerted no influence on stein 
rust in wdieat and oats seedlings. 

BeMmental ejfects of groivth substances. Generally there W'US very lit- 
tle effect on host or on parasite when the growth substances w’-ere supplied 
to cereal seedlings in different ways. In certain cases, however, nicotinic 
acid injured ’wheat seedlings. When a 10"^ molar solution was used to fill the 
intercellular spaces by means of the rubber-fitted syringe, tip burning was 


TABLE 1 . — Varieties of wheat and oats inoculated as seedlings with different physio- 
logic races of stem rust and supplied in various ways with groivth siibstance 


Physiologic race 
of rust 

Host variety 

Means of supplying growth 
substances 

Eeactioiia 
to rust 

Puecin ia graminis 
avenae 5 

Oats 

Bond 

Solution forced into leaf interstices 

S 

5 

Minims 

do 

E 

8 

i Bond 

Solution absorbed through roots 

S 

8 

Seven-o-three 

do 

S 

10 

Bond 

do 

s 

10 

! Seven-o-tliree 

do 

E 

11 

! Bond 

do 

s 

11 

Seven-o-tliree 

do 

E 

P. gr. tritici 15 

Khapli emmer 

Solution forced into leaf interstices 

E 

P. gr. tritici 15 

Wheats 

Marquis 

Solution forced into leaf interstices 

S 

17 

do 

Solution absorbed through roots 

s 

17 

Eeliaiiee 

do 

E 

38 : 

Marquis 

do 

E 

38 

Eeliance 

do 

S 

56 

Arnautka 

Solution forced into interstices 

E 

56 

Mindum 

Leaves immersed in solution 

E 

56 

Kiihanka 

do 

E 

56 

Einkorn 

Leaves immersed in solution 

E 


»Eeaetion to rust in all these experiments was the same as the reaction expected with 
each host-parasite combination under normal conditions. S denotes susceptibility; E 
denotes resistance. 


severe on both Arnautka and Marquis wheats. Slight burning occurred 
•when the same concentration of nicotinic acid was furnished for root absorp- 
tion by wheat seedlings of several varieties. Injury to the host w^as never 
noted with any of the other growth substances. 

IHTST DEVELOPMENT ON OLDER PLANTS 

Forcing a urediospore suspension into unexpanded portions of a cereal 
culm provides an ideal incubator for spore germination and infection of 
young and succulent host tissues. The severity of infection resulting is 
high, ex(Mq-)t when the leaf sheaths ai’e too tightly rolled to permit introduc- 
tion and distribution of the spore suspension. Ilrediospores of certain rust 
races wert* suspcmled in vitamin ‘‘mixture'' solution and then introduced 
hy hypodtnanic syringe and needle into various parts of culms of field-grown 
wheat varieties (Table 2). Similar inoculations with, ilrediospores sus- 
pended in distilled water served as cheeks. By providing growth substances 
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for absorption by tbe fungus germ tubes, it might be possible to augment the 
initial vigor of the infecting rust, so that the rust could more easily and 
quickly parasitize the noncongenial host. Actually, however, no differences 
in rust development or host reaction were due to the suspension medium. 
Older parts (leaf sheaths, peduncles, glumes, and awns) of wdieat varieties 
that were susceptible as seedlings to the races of rust with which they were 
inoculated remained susceptible. Conversely, those that were resistant or 
immune as seedlings remained resistant or immune under the two types of 


TABLE 2. — Field-groion varieties of toTieat inoculated in hoot or in a prehoot stage 
with urediospores of different physiologic races of stem rust suspended in solutions of 
grotvth suhstances 


Physiologic race of rust 

Host variety 

Stage of host 
inoculated 

Reactiona 
to rust 

Puccinia graminis tritici 15 

Marquis 

Preboot 

V.S. 



Boot 

s. 

15 

Thatcher 

Preboot 

M.S. 



Boot 

M.S. 

15 

Hoq>e X Thatcher hybrid 

Preboot 

y.s. 


Boot 

M.S. 

17 

Geres 

Preboot 

Boot 

M.S. 

S. 

17 

Thatcher 

Preboot 

I. 



Boot 

I. 

19 

Marquis 

Preboot 

Boot 

M.S. 

M.S. 

19 

Coronation 

Preboot 

M.S. 



Boot 

M.S. 

34 

Hard Federation 

Preboot 

V.S. 



Boot 

V.S. 

34 

Hope 

Preboot 

V.R. to S. 

38 

Marquis 

Preboot 

M.R. 


Boot 

M.S. 

36 

Ceres 

Preboot 

V.S. 



Boot 

V.S. 

38 

Coronation 

Preboot 

M.S. 



Boot 

M.S. 


a V.S. = very susceptible. M.R. = moderately resistant. 

S. = susceptible. Y.B. = very resistant. 

M.S. = moderately susceptible. I. = immune. 


inoculation. Thus, in the field and on older plants, as well as on seedlings, 
the growth substances used had no effect on stem rust development. 

GERMINATION OP SPORES IN GROWTH SUBSTANCE SOLUTION 

To determine the effect of growth substances on the germination of rust 
spores, agar blocks were impregnated with the vitamin solution. Loegering® 
first used relatively large surfaces of 2 per cent w^ater agar to study germi- 
nating rust spores, and MitchelF cut blocks of agar and allowed different 
chemical reagents to diffuse through them so that he could study the effects 
on germination of rust spores. From hardened 2 per cent agar, blocks | 

Loegering, William Q. A satisfactory medium for germination of urediospores of 
Pucoinia gram/imis iritiei. Pliytopath. 31 : 952-953. 1941. 

7 Unpublislied results of experiments of J. E. Mitchell, Minnesota Agricultural Ex- 
periment Station. 
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inch square and I inch thick were cut, then placed in vitamin solution for 
24 hours so that the reagents might diffuse through the agar. Impregnated 
blockSj with excess solution removed by filter paper, were put on glass slides, 
and iirediospores were spread over them before they were placed in a moist 
ehamber. Freshly collected viable stem rust iirediospores and also uredio- 
spores stored at low temperatures for several weeks or months were used, 
and spore germination was observed at regular intervals. Within spore lots 
there were no significant differences in the germination of spores spread over 
the surface of a plain agar block or spread over the surface of an agar block 
through which the vitamin ''mixture'’ had diffused. Percentages of spores 
germinating, time required for germination, and length and vigor of germ 
tubes were approximately the same in all replicates of a single spore lot. 

CONCLUSIONS 

Prom the general negative results of the foregoing experiments it is con- 
cluded that the water-soluble growth substances, thiamin chloride, riboflavin, 
nicotinic acid, ascorbic acid, and beta-indole acetic acid, do not play an im- 
portant role in the problem of resistance in cereal plants to the obligately 
parasitic stem rust; and that pathogenic differences in physiologic strains 
within a rust species may not be attributed to different growdh substance 
requirements. 

University Farm, 

St. Paul, Minnesota. . 


A NONCHROMOGENIC SPORULATING VARIANT OP 
ALTERNARIA SOLANI" 

H . R E X T H 0 M A S 
(Accepted for publication January 28, 1943) 

Alternaria solani (E. and M.) J. and G., as most frequently isolated in 
Indiana from tomatoes afflicted with early blight, produces a yellowish to 
deep-red pigmentation in potato-dextrose agar and sporulates sparingly. 

A culture, designated S-16, which does not color the agar and produces 
conidia profusely, arose as a variant from a culture obtained from a single- 
spore culture obtained from an early-blight lesion on an infected tomato leaf !; 

collected at Santa Maria, California, by M. "W. Gardner in 1937. 

The culture has been very useful in laboratory, greenhouse, and field 
studies of early blight wherein the use of large numbers of conidia was neces- 
sary. It has been found difflcult to produce conveniently an adequate num- i 

ber of conidia on the typical Alternaria solani cultures by application of 
methods^' reported to stimulate sporulation. The S-16 culture also has ^ 

been useful as a marker in studies designed to determine the role of inoculum i 

introduced on southern-grown tomato seedlings in initiating or increasing i,. 

the severity of early-blight infection in Indiana tomato fields as distin- 
guished from that inoculum native in such fields. 

Such studies were made by atomizing locally grown tomato seedlings, ; 

at time of pulling, with a dilute suspension of conidia from the S-16 culture, 
packing the plants as is done commercially, and storing them for 48 hours I 

before setting. The seedlings became infected in a manner similar to 
southern-grown seedlings shipped north after becoming contaminated with 
early-blight conidia at the time of pulling and packing. Near the close of 
the tomato season, isolations were made from early-blight leaf spots, stem 
cankers, and infected fruits to determine what proportions were traceable 
to the S-16 and to native field inocula, respectively. 

Bonde® has shown that strains of Alternaria solani exist on the potato, 
and that many strains may develop through saltation in culture. During 
the winter of 1937-1938 several hundred Alternaria conidia were collected 
on tomato debris in southern, central, and northern Indiana and from aerial • 

spore traps located at Vincennes and at Lafayette, Indiana. Representative 

^ Coox^erative in-vestigation of the Division of Fruit and Vegetable Crops and Dis- f 

eases, Bureau of Plant Industry, Agricultural Research Administration, United States ' 

Department of Agriculture and the Department of Botany, Purdue Agricultural Experi- v 

ment Station. Journal Paper No. 75, Purdue University Agricultural Experiment Sta- 
tion. 

2 Dillon Weston, W. A. R. The sx)orulatioR of Helminthosporium avenae and Alter- 

wdm .S'ota/Hn artiM^ Trans. Brit. Myeol. Soe. 20: 112-115. 1936. 

3 Kimkel, L. 0. A method of obtaining abundant sporulation in cultures of Macro- 
sporkm solani E. and M. Mem. Brooklyn Bot. Gard. 1 : 306-312. 1918. 

A Ramsey, G. B., and Alice A. Bailey. Effect of ultra-violet i*adiation ux>on sporula- ^ 

tion in Macrosporium and Fusarium. Phytopath. (Abstract) 20: 141. 1930. 

0 Rands, R D. The production of spores by Alternaria solani in pure culture. Phyto- 
path. 7: 316-317. 1917. 

6 Bonde, Reiner. Physiological strains of Alternaria solanL Phytopath. 19 : 533-548. 
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A. Five-day-old culture on potato-dextroHe agar of variant S-Ki at left, 
:nm)g(»nie, nparBoly Hporulating AHrniaria nolani isolate at right. B, Ooii 
■ture. 0. Conidia from sparsely sporulating, typical solani culture. 
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ciiltiires obtained from these conidia were tested' for patliog-enicity hj deter- 
mining if they produced lesions at the base of the stems of young tomato 
seedlings. Onl}^ those cultures that were chromogenic were found patho- 
genic- No culture approaching S-16 in the production of conidia was iso- 
lated from the field. Variants have arisen frequently in A. solani cultures 
but no attempt was made in this work to segregate and study them. To 
date it has been possible to maintain S-16 as a noehromogenic, sporulating 
culture by mass transfer. 

On potato-dextrose agar, S-16 grows more rapidly, has a darker surface 
color, and has a more diffuse type of growth than the usual isolate. Conidia 
may develop on 3-day-old cultures and on mycelium that is only 24 hours 
old. Plate cultures 8 to 10 days old have yielded the maximum number 
of spores. 

Adequate comparison of the conidia from S-16 and with those from 
typical cultures have not been made because of insuffieient numbers of 
conidia from the chromogenic cultures. In limited observations conidia 
from the S-16 culture have appeared somewhat the larger in culture. The 
following measurements of coiiidium. length do not include the beak, as the 
length of the beak differs greatly in conidia that are of approximately the 
same size otherwise. Of 25 conidia of S-16 obtained on artificially inoculated 
tomatoes in the field, the mean length was 72.2 zt 2.0 p and the mean width 
was 17.7 ±: 1.9 p. The mean lengths of 3 samples of 100 Alternaria 
solani conidia, collected on naturally infected tomatoes in the field, were 

83.3 ±: 1.0 p, 80.5 zb 1.8 p, and 94.4 zb 1.4 p. The mean wudths varied from 

17.3 zb 0.3 p, 16.8 zb 0.3 p, and 17.0 zb 0.3 p. Since the different collections 
of A. solani conidia may vary considerably in size, it would seem that the 
S-16 culture probably is not significantly differentiated in size from the 
general population. 

Collections of Alternaria solani conidia obtained in nature vary greatly 
in the proportionate occurrence of those with forked beaks. In 3 collections 
of conidia of A. solani studied, 2 were found to contain no fork-beaked 
conidia in 100 observed, while in the third collection 62 per cent were fork- 
beaked. In 100 conidia of variant S-16 from culture, 61 per cent "were 
fork-beaked, wdaile none of 25 conidia from the field were fork-beaked. 

The pathogenicity of a conidial suspension of variant S-16 from culture 
was compared with that of a suspension of conidia of Alternaria solani col- 
lected in the field. A dilute suspension of conidia -was placed in drops on 
tomato foliage after which the plants w^'ere kept moist for 72 hours. Infec- 
tion occurred at all points of inoculation wdth each conidial suspension. 
No difference in the size of the leaf spots could be observed. The S-16 cul- 
ture has produced stem lesions, leaf spots, stem-end rot of the fruit, and 
spotting of the green fruit in the field, similar to that produced by typical 
A. solani In the field the S-16 variant has not been observed to sporulate 
more abundantly than other isolates of A. solani 

Purdue University Agricultural Experiment Station, , 

Lafayette, Ind. 


ghlamydOkSfoee germination in the fungus 

CAUSING DWARF BUNT OP WHEAT^ 

0 . S , H 0 L T 0 N 2 

(Accepted for pubUcation January 12, 1943) 

INTRODUCTION 

Dwarf bunt of wlieat, caused by a peculiar race of Tilletia tritici (Bjerk.) 
Wiiit., is distiuguislied from tbe more eomnion races of Tilletia spp. on wheat 
by certain striking s^unptoms and characteristics/^ One of these is the 
apparent nonviability of the chlamydospores of the fungus under laboratory 
eonditions, which also is reflected in the failure to obtain infection by seed 
iiiociilation. Recently it was reported^ that certain hyaline, haploid cells 
associated with, the chlam.^rlospores were capable of germination, but it was 
pointed out that these viable cells were not present in sufficient numbers to 
perpetuate tlie disease in destructive proportions, unless the mycelium pro- 
duced by them had unusual capacity for vegetative propagation in the soil. 
However, this possibility has been eliminated by the results of experiments 
(not yet reported) proving that the niycelium of the dwarf bunt fungus 
develops perliaps even less extensively in soil than does that of the ordinary 
bunt fungi. Therefore, further attempts to germinate the chlamydospores 
have been made, and the results are reported in this paper. 

MATERIAL AND METHODS 

The chlamydospores of the dwarf-bunt fungus used in these tests were 
collected from time to time in commercial wheat fields in 13 areas of infesta- 
tion in the western wheat region. The spores of the various collections were 
stored at room temperature from 1 to 6 years, depending upon when the 
collections w’ere made. All germination tests reported were made in 1942. 

As already reported,*^ the various treatments used in earlier experiments 
on the dwarf -bunt chlamydospores failed to induce germination. In more 
recent experiments, however, the spores were soaked in tap water^ for 1 to 
7 months while stored in an electric refrigerator kept at about 4° C. The 
water was changed about once a month to reduce contamination. 

Germination tests Avere made on 2 per cent water agar in Petri dishes. 
The period of incubation extended to 2 months at 3 temperatures approxi- 
mating 5, 10, and 20'^ C. Observations to determine whether there was spore 
germination were made w’eekly, beginning with the first week of incubation. 

1 Cooperutivt^ investigations of tbe Division of Cereal Crops and Diseases, Bureau of 
TUant .Industry, Agrieiiltural Heseareiii Administration, United States Department of Agri- 
<nilturi% a iKi the Washington Agricultural E.vperiment Station. 

2 Pathobigist., Division of (hu'eal Crops and Diseases, Bureau of Plant Industry, 

2 Holton, il H, Preliminary investigations on dwarf bunt of wheat. Phytopath. 
31: 74-82. 1941. 

^ Suggested by the fact that C. W. Fischer observed germination of apparently noii- 
yiablt* spores of e(‘rtaiu species of Tilletia from grasses after the spores bad been soaked 
iu water om‘ montli. 
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RESULTS 

The chlamydospores of all the collections tested germinated in per- 
centages ranging from a trace to as high as 30 per cent, the highest per- 
centages occurring at 10° C. 

Perhaps more notable than the percentage of germination was the charac- 
teristically branched type of promycelinm that was produced by the germi- 
nating spores (Pig. 1). The number of branches varied from 2 to 4 and the 
branching occurred at various points on the promycelium from the base 
(Fig. 1, J) to the tip (Pig. 1, E and P). Branches may arise laterally on 
the main promycelium (Pig. 1, C, I, and H) or else the main promycelium 
may divide at the tip and produce branches of similar dimensions (Pig. 1, 



Fig. 1. Freehand drawings of germinating chlamydospores of the dwarf-bunt 
fungus. A and B. Haploid type of germination. G, H, and I. Lateral branches prO' 
dueed from the main promycelium. D. The main promycelium divided at the tip to 
produce two branches of similar dimensions. E. The main promycelium ]>i‘oduced a 
lateral branch and then divided at the tip to produce two more branches. F. The promy- 
eelium divided at the tip resulting in two branches, each of which also divided at the tip, 
thus forming four branches. G. Two distinct groups of sporidia produced on the enlarged 
end of the promycelium. J. The main promycelium produced a lateral branch from its 
base. (Note the slight degree of bifurcation at the tips of branches in C, D, and I.) 

D). Some of the branches appear to be septate (Pig. 1, P). Less fre- 
quently observed is the type shown in figure 1, G, in which two distinct 
groups of primary sporidia are borne on the enlarged end of the promy- 
eelium. Although not illustrated, imbranched promycelia were produced 
by many of the spores. 

The gei^mination process illustrated in figure 1 , A and B, is similar to 
that already described for the hyaline cells."’ Instead of a promycelium a 


s See footnote 3. 
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sterigina is produced bearing a so-called secondary or sickle-shape sporidimn, 
thus indicating that these chlamydospores are haploid. While this type of 
germination does not occur commonly, it has been observed on numerous 
occasions, suggesting that the presence of a limited number of these spores 
in dwarf -bunt collections may be regarded as typical. 

The number of primary sporidia produced on each promycelial branch 
ranged from 2 to 8 (Pig‘. 1, F and J), and the total on any one promyeeliuin 
ranged from 9 to 16 (Fig. 1, G and F). The length of the sporidia on cer- 
tain promycelia varied considerably (Fig. 1, D and G), but whether this w^as 
due to different stages of maturity or to some other factor could not be deter- 
mined. The primary sporidia fused in pairs (Fig. 1, G and I) in the same 
manner as is characteristic of the species. Apparently, most of the sporidia 
illustrated in figure 1 had not yet developed to the fusion stage. Unlike 
those of other races of the bunt fungi, the fused sporidia (H-shape struc- 
tures) of the dwarf -bunt fungus rarely produced secondary sporidia. In- 
stead, a mycelium was produced directly from the fusion. It is assumed 
that this mycelium was the infection hypha. On the other hand, secondary 
sporidia were produced in abundance in culture by certain of the mono- 
sporidial lines derived from the germinating hyaline spores,^ thus indicating 
genetic differences for this behavior. The type of structures produced by 
the germinating spores may have some bearing on the classification of the 
dwarf-bunt fungus. 

Whether the differences in viability of spores of different collections were 
due to inherent factors or to environmental influence has not yet been deter- 
mined. However, in certain collections the percentage germination in- 
creased wntii prolonged soaking. For example, spores of one collection that 
had soaked 11 weeks germinated less than 5 per cent after 18 days^ incuba- 
tion at 10° C. After soaking for 4 months, these spores germinated 15 per 
cent in 8 days and after soaking 5 months they germinated 25 per cent in 4 
days. Similar results were obtained with the spores of several other collec- 
tions, whereas still other eolleetions failed to respond to increased periods of 
soaking. Howwer, the amount and degree of branching of the promyeeliuin 
appeared to be reduced in spores that had soaked 5 months or more. Thus, 
wliile there were definite indications that increased periods of soaking 
increased the percentage germination, such increased soaking seemed to 
decrease the amount and degree of branching. 

Whether the facts I’evealed by these observations on germination of 
d\varf-bunt chlamydospores are significant in relation to the natural occur- 
rence of this disease would seem to be questionable, since, under field condi- 
tions, the s])ores are not subjected to a prolonged period of soaking in wuiter 
ImrmHliately prior to the time when infection occurs. Under field conditions 
the spores, as well as the soil, are subjected to alternate whetting and drying 
and freezing and thawing, but these conditions in the laboratory failed to 
» See footnote 3, 
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iiidiiee gerniinationd Nevertheless, the demonstrated fact that dwarf -bmit 
clilamydospores are viable and can be induced to germinate by a relatively 
simple method undoubtedly will lead to more effective investigation of this 
problem. 

SUMMARY 

Clilamydospores of the dwarf -bunt fungus were induced to germinate 
by prolonged soaking (3 months or more) in tap water kept at about 4° C. 
Germination was relatively low, ranging from a trace to about 30 per cent 
in different collections. 

Most of the germinating spores produced a branched promycelium, the 
number of branches ranging from 2 to 4. Two to 8 primary sporidia were 
borne on each branch and some of these sporidia fused in pairs. A fused 
pair of sporidia usually produced a mycelium, which presumably was the 
infection hypha. Eelatively few sickle-shape secondary sporidia were 
developed. 

The type of structures produced by the germinating spores may have 
some bearing on the classification of the dwarf -bunt fungus. 

Department of Plant Pathology, 

Washington State College, 

Pullman, Wash. 

7 See footnote 3. 




CONTROL OP PITHIUM ROOT ROT OF ALOE VARIEGATA 
BY HOT-WATER TREATMENT 


Kenneth F . Baker and Katharine Cummings 
(A ccepted for publication Kovember 20, 1942) 

INTRODUCTION 

111 a local nursery several thousand seedling plants of Aloe variegata L. 
were discarded because of a root rot induced by Pythium ultimum Trow.^ 
and possibly other Pythiaceae. The decay usually began at the root tip, 
and in a short time progressed back to the stem. Under commercial condi- 
tions of growth the final result was a stunted top with pallid, hard leaves 
and 110 roots (Pig. 1, A, B). However, if plants were kept quite moist the 
fungus advanced into the stem and leaves, reducing them to a soft, w^atery 
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relatively low thermal tolerance of most Pythiaceae, suggested a method 
of heat treatment to salvage plants with decayed root systems. 

The use of heat to destroy pathogens in living plant tissue was introduced 
61 years ago by Jensen (4) when he treated seed-potato tubers in a water- 
jacketed chamber for 4 hours at 40° C. to destroy the internal myceliimi of 
Phytophtliora infestans (Mont.) de Bary. This apparently was not practiced 
on a field scale, and Jones, et al, (5) later found no practical field benefits 
from its use in Vermont. Several subsequent investigators have used similar 
treatments against other Pythiaceae in living vegetative structures. Rosen- 
baum (9) found that immersion of green tomato fruits in water at 60° C. 
for l-J minutes killed the mycelium of Phytophthora parasitica Bast. (P. 
terrestris Sherb.) in non-visible surface lesions. Fawcett (2) was able to 
destroy the mycelium of P. citrophtJiora (Sm. and Sm.) Leon, in lemon 
fruits by holding them in hot water for 2 minutes at 48.9° G. within 30 hours 
after infection, or at 46.1° C. within 8 hours after infection. In 1926 
Murphy and McKay (6) found that dry air at 40° C. for 8, 16, or 24 hours, or 
at 38° C. for 16 hours killed the mycelium of Peronospora scMeideni Unger 
without injury to onion bulbs. Brown (3) reported good control of crown 
and root rot of peony after remoA^al of diseased areas and treatment in water 
at 48.9° C. for 30 minutes; Phytoplithora cactoruni (L. and C.) Schroet. (P. 
paeoniae C. and P.) was among the organisms involved. Ark and Barrett 
(1) treated asparagus spears infected with Phytoplithora sp., killing the 
organism by immersion in hot water at 46° C. for 1 minute. 


METHODS AND RESULTS 

In this study a total of 505 plants of Aloe variegata, 1, 2, and 3 years old, 
were dried for several days in the laboratory and then immersed in water 
of varying temperatures to determine the heat sensitivity of the host and 
parasite. The plants were those actually discarded because of root rot by 
the nurseryman and were selected only to the extent of eliminating a few 
with rotted tops. Wire test-tube baskets with cheesecloth tops w^ere used 
to hold the seedlings during immersion. After treatment the plants were 
spread out to cool and dry before being planted in pasteurized light sandy 
loam ; the cheeks' were planted in other containers of the same soil. Some 
were planted singly in 3-inch pots and some spaced about inches apart 
in flats. The soil was kept very wet and the plants held in a cool, humid 
greenhouse, conditions most favorable for the development of the disease 
and apparently so recognized by growers (7, 8). 

Three tests ■were made at different times using, variously, water at 
40.5, 43, 46, 49, 51.5, 54.5 and 57.5 degrees C. for 20 minutes,* 46° C. for 
30 minutes, and 46° and 49° C. for 40 minutes. Temperatures lower than 
46° did not consistently kill the pathogen, and those of 49° C. and above 
frequently were injurious to the Aloes. The treatment at 46° for 20 or 30 
minutes eradicated the fungus without injury to the host, but the 40 minute 
period produced some subsequent drying of the outer leaves and, might be 
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reg'arcled as exeessively damaging. The treated plants very quickly formed 
new roots wliieh in 20 days were in some cases 2 inelies long, whereas the 
checks had been unable to produce new roots (Pig. 1, B). The difference 
was even niore pronounced after 100 days (Pig. 1, A). 

Under commercial conditions, the use of a water treatment at 46° C. 
for 30 niinutes would be advisable, but this may be reduced to 20 minutes 
for very small plants. If large specimens, such as seed-bearing plants, 
are to be treated the time might be extended safely to 40 minutes. The 
preeaiition of replanting the seedlings in soil freed of the pathogen by 
pasteiirization or other means should be observed. 

Limited tests with Haworthia attenuata Haw. gave results comparable 
to the above. Indeed, it seems probable that many of the cacti and succulent 
plants would tolerate the treatment and that salvage of plants now discarded 
might be economically effected. 

SUMMARY 

Piffhium id dm uni causes an important root rot of young nursery plants 
of Aloe vuriegafa in California. Because heat treatment of the plants will 
free tliem of tlie pathogen, the prevalent costly practice of discarding in- 
fected plants is iinnecessary. A hot-water treatment of infected plants 
at 46° C. for 20 to 40 minutes, depending on the size of the plants, kills the 
parasite without injury to the host. It is essential that treated material 
be replanted in soil free of the pathogen. 

Division of Plant Pathology, 

University op California, 

Los Angeles, California. 
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PHYTOPATHOLOGICAL NOTES 


The Production of Coacervates . — Coaeervates of organic compounds 
often characterize pathological conditions in plant cells. The coacervates 
generally consist of refringent, spherical masses of phenolic material, each 
with a lipoidic envelope. It seems probable that these bodies are formed as 
a result of the disturbance of hydrogen bonds in the catechol-water system 
by the activity of a catechol oxidase. Dufrenoy and Eeed^ showed that 
the main factor in the production of the auto-complex eoaeervation of a 
phosphatid is a certain stage of desolvation. The presence of catechol or 
other polyphenol dispersed in the cell vacuole may act as a desolvant agent. 

This note will discuss the results of experiments in vitro on coaeervate 
production Avith chemicals. Lecithin Avas stained in a solution of Sudan III 
in methylal to make it identifiable under the microscope. 

The methylal solution of Sudan III has proved to be an exceedingly 
useful reagent for staining the above mentioned spherical inclusions in the 
cell vacuole, folloAving the technique earlier given by Dufrenoy and Eeed.^ 
A feAV cc. of this leeithin-Sudan III solution were added to the surface of a 
solution of catechol in a buffer solution having a reaction of pH 5.35. At 
the end of three hours, it Avas evident that the lecithin had assumed a finely 
divided condition. Under the microscope, one could see many globular 
masses, resembling coacer Abates (Pig. 1), each eiweloped in a A'esiculated 



Fio. 1. Coacervates of catechol, each surrounded by a vesiculate envelope of lecithin. 


layer of lecithin (identified by its orange-red color). De Jong and Hart- 
camp'* observed similar hyaline vesicles on Paramecia, Avhieh had been ex- 
posed to certain chemicals that affected the solAmtion of the cell constituents. 

The Amcuolate nature of the lipoid enA^elope, AA'hieh contains Avater as Avell 
as lecithin, Avas demonstrated in hypoplastic plant cells of orange roots that 
had grown in a solution lacking micro-elements.* Similar coacervates Avere 

1 Dufrenoy, J., and H. S. Eeed. Coaeerv'ates in physical and biological systems. 
Phytopath. 32: 568-579. 1942. 

2 ^ anfl — . A technic for staining cells Avith Sudan III in a 

Avater phase. Stain Tech. 12 : 71-72. 1937. 
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formed in solutions of catecliol buffered at pH 6.35 and pH 7.3o, though 
smaller, and often with radiating strands of lecithin. The recent discovery 
that plants suffering a deficiency of micro-elements may contain coacervates 
of pyridoxiiP gives point to the investigation of pyridoxin-lecithin complexes 
in vitro. The photomicrographs (Pig. 2) show coacervates produced in 
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Fig. 2. Pliotomierographa of coacervates of pyridoxin with lecithin, x 1290. A. 
Coalescence into aiito-eomplex coacervates was evident. B. Yesiciilate envelopes of lecithin 
surrounded the larger masses. Photographs by Dr. .E. M. Eeeve. 

buffer solutions at pH 5.35 by the teehnique above described. The tendency 
for small coacervates to coalesce and to form larger ones, observable in vivo, 
is seen in the illustration. 

I experimented also with resorcinol and bydroqninone. Coacervates 
were obtained with resorcinol dissolved in water, but when dissolved in a 
phosphate buffer solution, it did not form coacervates with lecithin. Solu- 
tions liaving a pll of 5.35 and 7.35 were tried, but yielded only droplets of 
red-stained oil, surronnded with halos of vacuolated, hydrated lecithin. In 
this case tlie resorcinol was probably not sufficiently^ oxidized to change the 
electric* <*harge on the inieelles of lecithin. Hydroqninone did not produce 
real auto-<*om[)Iex coacervates when 2 per cent solutions were placed in 
contact with methydal containing leeithin. In a phosphate buffer of pH 
7.35 t]u> solution turned brown after 2 days, but y^ielded no agglonierations 
resembliug coacervates, 

1 repeated the experiments, using different solvents for lecitliin, namety, 
(*li]oroform and toluol, without obtaining eoacervates. Good results w6re 
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obtained, however, by using alcohol as a lecithin solvent and gently placing 
a layer of it on top of a solution of catechol + neutral red in a phosphate 
buffer at pH 5.35. The alcohol solution mixed slowly with the aqueous 
system and allowed time for desolvation and coacervation. 

The relation of coacervates to health and disease has been discussed in 
the works here cited. This note describes aggregates that were produced 
with chemicals in a simple system in vitro^ thereby contributing information 
on the formation of coacervates and certain intra-cellular activities. — How- 
ard S. Reed, University of California, Berkeley, California. 

Breaking in Color of Flowers of Annual Phlox Caused hy the Asier^ 
yellows Tints. — In 1938 one annual phlox plant {Phlox drummondii) show- 
ing breaking in color of the flowers was found on the campus of the Univer- 
sity of California at Berkeley. All attempts to transmit the virus from dis- 
eased to healthy annual phlox grown from seeds by juice inoculations using 
the carborundum method were failures. 

It was suspected that the virus causing the breaking in phlox was celer^^ 
calico, which commonly induces breaking in pansies and violas in Cali- 
fornia. The virus extract from a number of host plants of celery calico 
inoculated in phlox failed to induce breaking. This virus is transmitted 
by 10 species of aphids, but all aphid inoculations to healthy phlox were 
negative. 

Another virus that causes breaking in the color of pansies, violas, petunia, 
and ranunculus is western cucumber mosaic, which occurs in the interior 
regions of California. Juice and aphid inoculations failed to induce break- 
ing in the color of annual phlox, even though it was infected with this virus. 
The flowers were dwarfed with rolled petals, and sometimes the corollas were 
dead. 

In 1941 many ornamental flowering plants grown in the canyons of the 
Montara Mountains, where the cut-flower trade is an important industry, 
were affected with aster yellows. Five acres of strawflowers were destroyed 
by his disease. Annual phlox manifested both breaking in the petals and 
symptoms of aster yellows. 

Lots of 20 previously noninfective, short- wing and long- wing aster leaf 
hoppers, Macrosteles divisus (Uhl.), after feeding for a few days on diseased 
phlox removed from the field, were transferred and kept on healthy asters 
that developed typical symptoms of aster yellows. It is evident from this 
experiment that phlox was naturally infected with aster yellows. 

Attempts were made to infect annual phlox, grown from seed, with the 
California aster-yellows virus, which is not transmissible to any host plant 
by means of juice inoculation at room temperature; hence, infective aster 

Jong, H. G., Bungenberg de, and J. L. Hartca,mp. On the fomation of hyaline 
vesicles at the surface of Farameckm cmidatxm. Protoplasina. 31: 550-587. 1938. 

4 See footnote 1. 

5 Beed, H. S., and Jean Bufrenoy. Pyridoxin and coacervates in plant cells. Science 
96: 470. 1942. 
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Pio, 1. Symptoms of Cftliforiiia aster yellows on annual phlox (Phlox drummondil) . 
A. Breakhi^r on eolor of petals. B. Cluster of flowers from liealtliy check, or control 
plant. C, Proliferation of flowers showing breaking in color of petals. D. Proliferation 
and vir(‘H('(mce or greening of flowers, the petals being reduced to leafy structures resem- 
bling sepals. E. Vircseence of petals. P. Proliferation of flowers with green leafy pietals 
on lowm- flowers and dwarfed apical flowers with one or more petals absent. G. Cluster of 
green flowers with no proliferation. 
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leaf hoppers were used. Healthy phlox plants were exposed 3 weeks or 
longer to 20 infective male short-wing aster leaf hoppers that had completed 
the iiymphal stages on diseased celery plants or 20 infective male long- wing 
aster leaf hoppers that had completed the nymphal stages on aster-yellows 
plants. Males were used rather than females to avoid egg deposition. The 
males were then removed, and the inoculated plants and the cheek or control 
plants were put in an insect-proof cage until the blossoming period. The 
aster-yellows virus induced breaking in the petals of phlox (Pig. 1, A), 
The virus' was recovered by previously noninfective short- wing and long- 
wing aster leaf hoppers and transferred to healthy aster and celeiy plants, 
respectively. 

Breaking in color of the petals consists of white veinbaiiding, sometimes 
one or more petals show breaking and the remainder are white with a few 
streaks of the normal color of the flower (Fig. 1, A). Frequently, vireseeiice 
or greening of the petals occurs (Fig. 1, E) without breaking. Proliferation 
of the flowers occurs, successive flowers developing from the ovaries. Break- 
ing often is evident on successive proliferated flowers (Fig. 1, C). In the 
advanced stage of the disease proliferation and virescence of the flowers are 
common on infected plants, the petals being reduced to green leafy struc- 
tures resembling sepals (Pig. 1, D), sometimes, with a dwarfed apical flower 
with one or more petals absent (Pig. 1, F). Frequently, clusters of green 
flowers develop wdth no proliferation of flowers (Pig. G). 

It is interesting to note, that this is the first ease of a leaf-hopper-trans- 
mitted virus inducing breaking in color of flowers. — Henry H. P. Severin, 
California Agricultural Experiment Station, Berkeley, California. 

An Unusual Bean Disease } — An apparently new disease of beans has 
been observed in field and garden beans grown for seed in southern Idaho. 
The disease is characterized by a pronounced reddish discoloration of the 
nodes, which usually is the first indication of its presence. In the later 
stages the leaves become malformed and the veins are of a decided reddish 
color (Fig. 1, A). Eeddish colored sunken lesions are usually, though not 
always present on the pods of plants having red nodes and veins (Fig. 1, B). 

The disease does not kill the plant, but causes dwarfing, a reduction in 
the number of pods produced, and premature ripening. When seeds are 
removed from ripe diseased pods similar to those shown in figure 1, B, they 
are often severely marked wdth target-like spots or concentric lines on the 
seed coats (Fig. 1, C). The seeds from such pods are nsualty small and 
often shrivelled. 

The disease is more severe in some varieties than in others. The variety 
Bountiful is particularly susceptible. Great Northern and Red Mexican 
field beans are also very susceptible, although the disease does not mark the 

1 Publislied with the approval of the Director of the Idaho Agricultural Experiment 
station as Besearch Paper No. 217. . 
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ViQ. 1. A. Beddisli diseoloration of the veins. B. Pods with severe lesions. C. Seeds 
from nifeeted pods, similar to those shown in B, 

seed so severely. The disease has been found to be more prevalent along the 
edges of bean fields. 

Preliminary evidence indicates that the disease is caused by a virus, and 
aiipours to be closely related to bean vims 2, or yellow bean mosaic virus. 
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plants. This would indicate that the disease is not seed borne.— W. J. 
Virgin, Idaho AgTiciiltnral Experiment Station, Miseow, Idaho. 

A Leaf Disease of Kentucky Bluegrass} — In cool, wet periods, partieii- 
larly in the spring, whole fields and lawns of Kentucky blnegrass, Toa pra- 
tensis, in central Kentucky may take on a yellowish-brown cast as a result 
of a leaf disease. This is usually at a time when growing conditions should 
be about ideal. The same disease also may appear in the fall wdien it may 
again cause extensive injury to the foliage. Injury appears to occur first 
on the leaf sheath, and may spread through the sheath to young leaves or 
tissues wdthin, eventually killing all leaves of a shoot. The blades of leaves 
affected on the sheath often begin to yellow^ at the tips, as well as the base, 
and finally turn completely yellow and die. Under somewhat drier con- 
ditions small dark-brown spots may be seen on leaf blades and sheaths. 
During the summer new infections are rare. The disease rarely kills plants, 
but may cause nearly complete defoliation. 

In 1940 and since that time, isolations from affected tissue have fairly 
consistently yielded an organism that J. R. Hardison has recently identified 
as Sept oria oitdemansii Sacc. Pycnidia of this fungus are commonly found 
on dead leaf blades. They contain spores that appear to be non-septate, or 
occasionally 1- or 2-septate, hyaline, and measure about 2.5 x 14.5 g. In cul- 
ture on potato-dextrose agar at 15° C. black stroma-like bodies were produced 
in which the pycnidia were immersed. On sterilized bluegrass leaves pyc- 
nidia were produced in abundance at 25° C. Sections of infected leaf tissue 
stained with cotton-blue showed the fungus to be intercellular. 

Septoria oudemansii has been reported on Poa ^^ratensis as a leaf spot in 
Michigan by Hardison,^ in Oregon by Sprague,^ and in Western United 
States by Fischer et al.f but the importance of this fungus as a cause of a 
serious disease of bluegrass seems not to have been recognized heretofore. — 
Robert B. Griffith, Kentucky Agricultural Experiment Station, Lexing- 
ton, Ky. 

Powdery Mildew on Bibhofi-hnsh (Homaloclaclmm platycladitm Bailey). 
— The attention of the wuiter wms recently called to a powdery mildew' affect- 
ing a plant of the ribbon-bush {Homalocladi%m% platycladitm Bailey), a na- 
tive of the Solomon Islands. The plant, a member of the Polygonaceae, is 
unusual in possessing flattened, strap-like stems (phyllodia), little thicker 
than the leaves. The leaves are borne singly at the nodes, with their flat 
surfaces in the same plane as the stem (Pig. 1). Mildew^ infection wms heavy 
on the leaves, causing yellowing and distortion, but wms absent from the stem 

1 The investigation reported in this paper is in conneetion with a project of the Ken- 
tiicky Agricultural Experinaent Station and is published by permission of the Director. 

2 Hardison, J. B. Grass diseases in Michigan in 1941. Plant Bis. Rptr. 26: 67-75, 
1942., ■ ■ 

2 Sprague, Boderiek. A revised check list of parasitic fungi on cereals and otlier 
grasses in Oregon. Plant Bis. Bptr., Supplement 134, 1942. 

4 Pischer, George W., Boderick Sprague, Howard W. Johnson, and John B,. Hardison. 
Host and i)athogen indices to the diseases observed on grasses in certain western states dur- 
ing 1941. Plant Bis. Bptr., Supplement 137, 1942. 
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tissues. Peritheeia, were abundant and |)roYed to be those of a species of 
Erysiphe, probably’ E, polygoni Mildew has been severe on the foliage of 
this plant each winter since it was obtained, some 4 or 5 years ago ; but it is 


Hi>. on llomalocladinm plat y clad urn. Note ueritlieein on tnip lenvf 
ami al)Hene<‘ ot infection from the phyllode or stem tissne.s. Itau 

ii<)t knmvii wliOlier the mildew was brought in with tlm jdant or eame ove 
sHb.se<|U(mtly from_ some native host. The writer has been in.able to find ; 
previous report (if powdery mildew on II. platycladum. — A. W. Dimo('k 

Moaieli Ljuversity, Ithaca, New York. 


EBPORT OF THE WAR COMMITTEE 


Reports of siibcoinmittees indicate good progress all along tlie line. The 
regional committees have done an excellent job in compiling and publishing 
in mimeograph form essential facts about the prevalence and control of dis- 
eases of major importance in their respective areas. These are being put to 
good use in extension work throughout the country. 

A development of outstanding significance is the recent announcement 
of the emergency expansion of the Plant Disease Survey in which 24 full- 
time plant pathologists will be utilized. This should be a potent factor in 
safeguarding our food supply. It gives us an opportunity to prove the 
value of the Survey, but it also places a real responsibility upon us to see 
that this emergency survey is effectively carried out. This is a responsi- 
bility, not only of Dr. Edsoii and his staff, but of each and every member 
of our Society. 

The fungicide subcommittee is again sponsoring cooperative studies on 
substitute fungicides. One of the most outstanding results of these studies 
so far is the promising value of a number of organic seed protectants. These 
appear to give good results on practically all vegetable seeds, and seem to 
have a wide latitude in dosage without seed injury. Such fungicides should 
overcome many of the difficulties in the way of pretreatment of x)aeket seeds. 
Dr. George L. McNew has been assigned the task of investigating the possi- 
bility of getting seed dealers to pretreat more of their packet seeds. 

The executive committee has spent considerable time on the manpower 
situation. After a number of conferences the War Committee of the Eco- 
nomic Entomologists joined Avith this committee in requesting that a na- 
tional committee on Plant Pathologists and Economic Entomologists be 
established to advise the National Roster and the Selective Service on mat- 
ters pertaining to deferment and to more effective use of trained personnel 
in these fields. Our suggestions Avere favorably received. The resolution 
prepared by the War Committee together with data obtained from the sur- 
vey made by Dr. Keitt have been submitted as directed. At the request of 
the National Roster, the committee is comi^iling data on plant pathologists 
in the armed services for their use in obtaining more efficient use of highly 
trained personnel already in service. 

A reply has been received from Dr. Noble Clark stating the Directors’ 
policy relating to regional meetings. A copy of this letter has been sent to 
contact men for their guidance in arranging future regional meetings. The 
essential requirement is that the meeting be siionsored by a Director or the 
Chief of a l^ederal Bureau. 

Plans are under A¥ay for a meeting of the Upper Mississippi Valley 
Regional Committee in August, at Lafayette, Indiana. It is tentatively 
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planned to have a meeting of the War Committee in conjunction with this 
regional meeting. 

The Committee has acted favorably upon the suggestion that a subcom- 
mittee on Market Pathology be created. Dr. C. 0. Bratley has been re- 
quested to act as chairman. Other members of the committee will be an- 
nounced later. 

Dr. Stakman has finally returned from his mission to Mexico and has 
resumed the committee chairmanship. 

Eespectfully submitted, 

J. G. Leach, Acting Chairman 
July 1,1943 


A HEEITABLB ABNOEMALITY IN THE GEEMINATION OF 
CHLAMYDOSPOEES OF USTILAGO ZEAE^ 

St. John P. Chilton 
(Accepted for publication January 12, 1943) 

INTRODUCTION 

111 the course of studies on the genetics of Ustilago zeae (Beckm.) Unger, 
chlamydospores from certain crosses between haploid cultures -were found to 
germinate abnormally. Certain monosporidial cultures, capable of produc- 
ing galls and chlamydospores when inoculated singly into corn plants, 
and, therefore, designated as solopathogenic lines, were found among the 
progeny of these abnormally germinating chlamydospores. A brief report 
of these studies was made previously (1) , and this paper gives a more detailed 
account of the results obtained. 

REVIEW OP LITERATURE 

The general literature concerning the genetics and cytology of Ustilago 
zeae has been reviewed (2, 3, 9, 17), and only certain details need be repeated 
here. Abnormal germination of smut chlamydospores has been reported 
by Christensen (3) in one cross in Z7. zeae, by Goldschmidt (7) in U. violacea, 
by Hanna and Popp (10) and Holton (11) in interspecific crosses between Z7. 
avenae and U. levis, by Eodenhiser (14) in crosses between Spkaceloiheca 
sorghi and S. cnienta, by Laskaris (13) in 8, sorgJii, and by Kienholz and 
Heald (12) in Tilletia tritici. Christensen (3) and Holton (11) suggested 
that a lethal factor or series of factors might account for the peculiarities 
in germination that they observed. Laskaris (13) showed that some type of 
segregation occurred for normal and abnormal germination. Goldschmidt 
(7) interpreted his results as indicating cytoplasmic inheritance. 

Solopathogenic lines in U. zeae have been reported by several investiga- 
tors (1, 2, 3, 5, 18). Christensen (3) found that such lines were indis- 
tinguishable in culture from haploid ones, were not dicaryotie, remained 
solopathogenic for varying lengths of time in culture, and, on losing solo- 
pathogenicity, changed in cultural characters also. Sporidia from chlamydo- 
spores produced by these lines were generally haploid, although certain 
chlam^^dospores again produced solopathogenic lines. 

MATERIALS AND METHODS 

The source and parentage of the cultures of Ustilago zeae used in the 
present studies are given in table 1, All cultures, except 15 from cross 50, 
were derived from single sporidia isolated with a glass needle in a miero- 

1 Summary of a thesis presented in partial fulfillment of the requirements for the 
degree Doctor of Philosophy, granted by the University of Minnesota, July, 1938. 

Paper No. 2055 of the Scientific Journal Series, Minnesota Agricultural Experiment 
Station. 

Assistance in the preparation of these materials was furnished by the personnel of 
Work Projects Administration, Official Project No. 265-1-71-236, Subproject No. 491. 
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manipiilator, using the technique of Dickinson (4) and Hanna (8). The 15 
cultures from cross 50 grew from h}q)hal tips cut from the promycelia. 

TABLE 1 . — Origin of cultures 'used, their source, parentage, and type of isolation 


Cross number or 

' 


— _ 

identification 

Parentage 



letters and 

Type of isolation 

Where obtained 

numbers 




10 

11 

A2 by A3 

10A2 X 10H3 

Complete sets^ 

( c a 

E. C. Stakman 

it 

12 

10K4X10G4 

a a 

i i 

14 

10K2-1 X 1011 

a <( 

it 

15 

10K4X10P2 

({ i( 

it 

16 

10A4 X lOCl 

a a 

i { 

17 

10K2-1 X 1011 

a a 

1 1 

IS 

10K2 X 1011 

a ii 

1 1 

21 

I 16B2X16B3 

a it 

i i 

99 

1 14G3 X 1413 

i i i i 

i t 

23 

1 15E2 X 15E4 

a a 

i i 

25 

' 14B1 X 14B3 

i c i ( 

i i 

26 

15E3 X 15E4 

a (( 

i i 

33 

22B2 X 22B4 

cc cc 

i i 

40 

10A4 X 15C2 

Eandornb 

Writer 

41 

40a X 40i 

( ( 

i i 

42 

10A4X15C1 

( i 

i ( 

44 

10A4XU.F.A3 

i ( 

i i 

45 

U.F. AlxA4 

it 

i i 

46 

16B2XTJ.F.A4 

i ( 

t i 

47 

Solopatliogenic line 40n-l 

Complete sets 

i i 

48 i 

21H1XU.F.A4 

ti i ( 

1 1 

50 1 

10K2-1 X 18H1 

Complete sets + 15 


i 

1 

Bolopatliogeiiic line 40n 

Hyphal tip cul- 
tures 

M. F. Kernkamp 

51 

Complete sets 

Writer 

53 

46B3 X U.F. A4 

< < a 

i i 

56 

100 

101 

10K4 X 40i 

Eandom 

1 1 

10K2-1 X 14B3-3 
100H4X202A4 

Complete sets 

a a 

E. C. Stakman 

i i 

102 

100C4 X 202A4 

it {( 

i t 

202 

22B4 X 33A2 

it a 

{ t 

300 

301 

14J4X26G1-2 

17B4x26Gl~2 

( i i c 

a it 

i i 

i t 

ir.F. 

Chlamydospores from Eni* 




versity Farm, St, Paul, 



Fargo 

Minn. 

Chlamydospores from 

F«rfm "NT "n 

a it 

Writer 


P™“yeelium were secured wherever possible, 
i 0 attempt iiiadt to secure cultures trom all primary sporidia from a proinycelium. 

The system used to identify the various cultures was as follows: An 
arbitrary number was assigned to each cross and to chlamydospores produced 
by solopathogemc lines. Letters or words were used to designate the source 

1- were made from material collected in the 

held. here sporidia were isolated from a promycelium and the position of 
each was known, the chlamydospore was identified by a capital letter and the 
sporidia were numbered from 1 to 4, progressing from the distal to the 
Pioximal cell. Tor example, 16A1 designates a line obtained from the 

of clilamydospore 
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A from Cross 16. If sporidia were isolated at random from promyeelia, the 
cultures were designated by one or more small letters placed after the cross 
number (40a or 40aa) . Genetic variants (mutants) are indicated by a num- 
ber placed after the culture designation and separated by a dash (16A1-1 
or 40a-l). 

In the experiments on sex and pathogenicity^ Northwestern Dent and 
Picaninny corn plants were grown in sterilized soil in 4- or 6-inch pots from 
seed treated with an organic dust. The inoculation technique described by 
Stakman and Christensen (16) was followed. Solopathogenicity tests were 
made by inoculating plants with monosporidial cultures. Except where 
stated, a minimum of two tests, mth 10 to 20 plants in each test, was made 
with each cross or solopathogenic line ; and in many cases 8 to 10 tests were 
made. 

Cultures were grown on 50 cc. or 30 cc. of potato-dextrose agar (10 g. 
dextrose, 15 g. agar, and infusion of 300 g. of potatoes to a liter of medium) 
in 250-cc. or 125-ec. Erlenmeyer flasks. All the medium used in each experi- 
ment was made at the same time, and the flasks were sterilized in the autoclave 
in groups of 100, the sterilization time and pressure being alike for the 
groups. Duplicate flasks were inoculated with each culture and were in- 
cubated at room temperature for 5 to 8 weeks, after which notes were taken. 

The studies on chlamydospore germination were made at room tempera- 
ture on thin films of potato-dextrose agar on sterile cover slips inverted on 
sterile Van Tieghem cells in Petri dishes. Moistened filter paper was used in 
the bottom of the dishes. Special media are described in connection with the 
experiments in which they were used. Chlaniydospores were spread on the 
agar films with a glass needle in a micromanipulator, jireparatory to isolating 
single sporidia. 

GERMINATION OP CHLAMYDOSPORES 

Chlamydospores that germinate normally produce a promycelium with 3 
or 4 cells on each of which sporidia are usually formed (Fig. 1, A). The 
chlamydospore may act as the fourth cell in some cases, producing one or 
more sporidia. 

The chlamydospores that germinated abnormally produced promyeelia in 
about the same length of time as those that germinated normally, but some of 
the promyeelia collapsed and the contents exuded before septa were formed 
(Fig. 1, B). The word lysis will be used hereafter to designate this disin- 
tegration. A round body suggestive of an abortive sporidium was often pro- 
duced on the side of the promyeelium (Fig. 1, D). Lysis occurred if the 
chlamydospores were dusted on agar films, indicating it was not due to rough 
handling. Promyeelia that did not lyse generally produced viable sporidia 
that grew into colonies, although in some eases the isolated sporidia budded 
2 or 3 times and then died. This limited budding was seen occasionally also 
in otherwise normally germinating collections of chlamydospores. Many of 
the promyeelia producing sporidia were gnarled and twisted (Fig. 1, C), 
others were made up of large, irregular cells, and it was difficult to find pro- 




TPiCr. 1. Pliotomierograplis of abnormally and normally germinating elilamyclospores. 
A. Normally germinating ehlamydospores. B-D. Abnormally germinating clilamydo- 
sporea. E. Abnormally germinating eblamydospores stained with liematoxylin. P. 
Normally germinating elilamydospores stained with hematoxylin. 

liy])hal braticluhs being formed at the tip of a one-cell promycelium. Many 
cbiaiuvilospores produced 2 irregular promycelia. 

The proportion of promjmelia that lysed varied from 76 to 95 per cent 
in tlie Yarious crosses studied. In one case a ( 3 ()nsistent 15 per cent dif~ 
fereiK^e in the number of promyeelia that lysed was found between two col- 
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mycelia with 4 cells in any of the abnormal material studied. Long hyphal 
branches sometimes Avere formed directly from the ehlamydospores or from 
the promyeelia. A few germination types superficially similar to those 
found ill the Tilletiaceae were seen, a whorl of sporidia or sporidia and 
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lections of clilamydospores produced by inoculations made at different times 
with the same two compatible lines. 

When enough promycelia were examined from crosses that produced 
otherwise normally germinating chlamydospores, a few promycelia -were seen 
to lyse in nearly every ease, the percentage varying from 8.3 to 0.3 per cent. 
This occurred, even when the chlamydospores were dusted on coverslips to 
eliminate the possibility of injury. 

Normally (Fig. 1, F) and abnormally germinating chlamydospores (Fig. 
1, B) on the same films of agar were stained with hematoxylin in accordance 
with the technique described by Hanna (9). The cytoplasm in many of the 
abnormal promycelia stained much darker than that of the normal ones on 
the same cover slip ; and there often wns a concentration of cytoplasm in 
various parts of a promycelium (Fig. 1, E). Nuclei were observed in 
chlamydospores prior to germination, at the beginning of germination, in 
the promycelia producing sporidia, and in the sporidia themselves. 

influence of environment on abnormal germination 

Several collections of chlamydospores that had germinated normally and 
abnormally, respectively, in previous tests on potato-dextrose agar were 
tested in sterile distilled water ; in potato broth with 1 per cent and 20 per 
cent dextrose ,• in 2 per cent ^vater agar, with and without 0.1 per cent NaCl ; 
and on corn-meal agar, malt agar, potato-dextrose agar, and on potato-dex- 
trose agar to which 1, 5, and 10 drops of N/10 NaOH, and 1, 2, 3, and 5 
drops of commercial lactic acid, respectively, had been added to 10-ec. por- 
tions. None of these media was responsible for the peculiarities of germi- 
nation of the chlamydospores of the various collections. Lysis occurred in 
the abnormally germinating chlamydospores at 15, 20, 25, and 30 degrees C, 

Attempts to Induce Abnormal Germination 

On the assumption that lysis might be due to a virus or some similar sub- 
stance, a few chlamydospores were placed on a thin film of agar and left 
until promycelia were produced and lysed. Chlamydospores from a nor- 
mally germinating collection were then added but there was no lysis or other 
observable abnormality, even in promycelia in direct contact wdth the lysed 
ones. This was repeated many times, with the same negative results. 

Small pellets of agar on which 5 to 6 chlamydospores had germinated 
and the promycelia had lysed were added to compatible lines growing in 
potato dextrose broth, and these were left standing for approximately a 
week. The lines were then mixed, inoculated into corn plants, and the 
chlamydospores that were produced germinated normally. 

These results indicate that the abnormality was not due to an infectious 
agent, or at least was not transmitted by the methods used. 

Segregation for Abnormal and Normal Germination 

The chlamydospores produced by the original cross 10, from wdiieh most 
of the material used in these studies was obtained, gei’minated abnormally. 
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Haploid lines isolated from this cross were mated in various compatible 
combinations, and some of the resultant crosses produced chlamydospores 
that germinated abnormally, which others produced chlamydospores that 



germinated normally. Monosporidial isolates from these crosses were inter- 
eross(‘d in turn. The results, presented diagrammatieally in figure 2, show 
that chlamydospore Jines were obtained from the original cross in which 
normal germination occurred for 3 and 2 suceessive chlamydospore gener- 
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atioiis, respectively, and that other ehlamydospore lines were obtained in 
which abnormal germination occurred for 3 and 1 successive ehlamydospore 
generations, respectively. A segregation of some type occurred for ab- 
normal and normal germination of chlamydospores. 

From 5 of the crosses made within; the progeny of the original cross 10 
(Fig. 2) there were 13 haploid lines which produced abnormally germinat- 


TABLE 2 . — Eesults of crosses^ made to determine whether there was segregation for 
normal and abnormal germination^ of chlamydospores 



a Grosses (as diagrammed in Fig. 2) : 10 = A2x A3 

12 = 10K4xl0G4 
16 = 10A4xl0Cl 
21 = 16B2xl6B3 
40 = 10A4xl5C2 

b N indicates normal germination ; A indicates abnormal germination. 
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iiig clilamydospores and 23 lines wliicli produced normally germinatino- 
elilaiiiydospores when mated with yarious tester lines (Table 2) . The tester 
lines all produced normally germinating chlamydospores when mated among 
themselves. ^ 

Prom each of two crosses that produced normally germinating chlamydo- 
spores a haploid line was secured which, 'when crossed with tester lines, pro- 
duced chlamydospores that germinated abnormally. 

OCCURRENCE OP SOLOPATHOGENIC LINES 

Sporidia were isolated from collections of normally and abnormally ger- 
minating chlamydospores produced by various crosses, and the cultures 
obtained were tested for solopathogenicity by inoculation tests. It may be 
seen fioni the data in table 3 that 31 or 19.6 per cent of the 158 abnormally 

TABLE 3 . — Occurrence of solopatho genic lines among progeny of 29 crosses 


Gross 

number 


10 

11 

16 

42 

40 

44 
12 
21 

41 
56 

45 

14 and 17 
18 
50 
100 
15 


23 

26 

46 

300 

'301 

4S 

33 

202 

53 

101 

102 


Parentage 


A2 X A3 
10 A 2 X 10H3 
10A4 X lOCl 
10A4 X 15C1 
10x14x1502 
10 A4 x XT.P. A3 
10G4 X 10K4 
16B2 X 16B3 
40a X 40i 
40i X 10K4 
U.E. A1 X A4 

Total 

10K2-1 X 1011 
10K2X10I1 
l()K2~lx 18H1 
10K2~1 X 14B3-3 
10K4 X 10F2 
14B1 X 14B3 
14G3 X 1413 
15E2 X 15E4 
L5E3X15E4 
16B2 X U.P. A4 
14J4X26G1-2 
17B4x26Gl~2 
21111 X U.E. A4 
22B2 X 22B4 
22B4 X 33A2 
46 B3 X U.P. A4 
100H4 X202A4 
100C4X202A4 
Total 



Occur- 
rence of 
abnormal 
germi- 
nation 

No. clilamy- 
dospores 
from which 
one or more 
isolates 
were tested 

Number 

isolates 

tested 

No. chlamy- 
dospores 
from which 
solopatho- 
genic lines 
were 
isolated 

No. of 
solo- 
patlio- 
genic 
lines 


+ 

11 

39 

3 

11 


+ 

8 

24 

0 

0 


+ 

6 

16 

0 

0 



24 

24 

3 

3 


-f 

39 

39 

10 

10 



6 

20 

1 

4 



7 

20 

2 

2 


+ 

6 

16 

0 

0 


+ 

31 

40a 

6 

6 


+ 

1 

1 

1 

1 



19 

19 

5 

5 



158 

258 

31 

42 


- 

20 

54 

0 

0 


“ 

8 

24 

0 

0 


- 

22 

39 

0 

0 


— 

4 

8 

0 

0 


— 

5 

22 

0 

0 


~ 

5 

13 

0 ! 

0 


— 

4 

16 

0 

0 


— 

5 

20 

1 

lb 



7 

10 

0 

0 



18 

39 

0 

0 

J 

_ 

7 

13 

0 

0 



7 

9 

0 

0 

1 

— 

11 

23 

0 

0 

! 


5 

19 

0 

0 

1 — 

8 

20 

0 

0 

1 

4 

7 

0 

0 


1 

2 

0 

0 


4 

4 

0 

0 

1 

145 

342 

1 

1 


. Tr I irom tms cross were tested alone onlv 

I atlioguut lintss, however, were tested several times. ^ 

of ntlJk ^’^Itural characters changed and solopathogenicity was 


once. The solo- 
lost on transfer 
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germinating cMamydospores from whicli one or more cultures were isolated 
and tested, gave rise to one or more solopathogenic lines. There were 42 
solopathogenic lines among the 258 monosporidial isolates tested, an average 
of 16.3 per cent. Three hundred and forty two lines from 145 chlamydo- 
spores from 18 crosses producing normally germinating chlamydospores 
were tested and only one line, or 0.29 per cent, was solopathogenic. This 
line, however, lost its solopathogenicity on transfer of the stock culture. 

Five solopathogenic lines were found among 19 monosporidial isolates 
from the abnormally germinating chlamydospores produced by cross 45 
(U.F. A1 xU.F. A4). This indicates that solopathogenic lines were not 
restricted to the relatively closely related lines used in these studies, as the 
chlamydospores from which cultures U.F. A1 and A4 were secured were 
collected in the experimental plots at University Farm, St. Paul, Minnesota. 

Cultural Characters of Solopathogenic Lines 

From 5 crosses, cultures of lines that had been proved by inoculation to 
be solopathogenic were compared with each other and their parents. The 
results (Table 4) show that solopathogenic lines from a given cross may be 


TABLE 4, — Comparison of cultural characters of solopathogenic lines with each 
other and with parental types 


Cross 

number 

Parental lines 

No. of 

solopathogenic 
lines compared 

Parent 

resembled 

No. of 
cultural 
types 

40 

10A4X15C2 

10 

10A4 

7 

41 

40a X 40i 

6 

40i 

3 

42 

10A4 X 1501 

3 

10A4 

2 

44 

10A4XIJ.E. A3 

4 

Both 

1 

45 

IJ.P. A1 X U.F. A4 

5 

Neither 

5 


the same or different, culturally. No character wasi found by which these 
lines could be distinguished culturally from haploid ones. These results 
are in accord with those of Christensen (2, 3). 

Stability of Solopathogenic Lines 

Lines were tested for solopathogenicity at various intervals, and the 
results (Table 5) show that some lines remained solopathogenic after 4 years 


TABLE 5, — Results of testing 31 originally solopathogenic lines after varying 
lengths of time in culture 


Gross from 

Age in months 

No. of 

Number 

Number not 

which lines 

when last 

lines 

solopatho- 

solopatho- 

were obtained 

tested 

tested 

genie 

genic 

10 

48 

8 

7 

1 

12 

36 

i 1 

1 

0 

40 

13 

9 

9 

0 

40 

9 

1 

1 

0 

41 

11 

5 

5 

0 

42 

8 

4 

4 

0 

44 

5 

4 

1 

3 
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in culture, while others lost this character after a few months. Where solo- 
pathogenicity was lost, the cultural characters changed also. 

Single sporidia were isolated from solopathogenic lines at various times 
and the cultures . obtained were tested by inoculation into corn plants. 
The results (Table 6) show that monosporidial isolates from such lines may 
or may not be solopathogenic. 


TABLE 6 . — Eesnlts of inoculations with suh -monosporidial isolates from solopatho- 
genic lines 


Solo- 

pathogenie 

lines 

Number sub- 
monosporidial 
isolates tested 

Number 

solopatho” 

genie 

Number not 
solopatbo- 
genic 

10J4 

7 

5 

2 

40ii 

2 

1 

1 

40m 

1 

1 

0 

41a, -1 

1 

1 

0 

41g 

1 

1 

0 

41v 

1 

1 

0 

41k 

1 

1 

0 

41-gg 

1 

1 

0 

41kk ! 

1 

1 

0 

42r ■ : 

1 

1 

0 

42u 

1 

1 

0 

44A1 

2 

0 

2 

44A2 

1 

0 

1 

44A3 

1 

0 

1 

44A4 

1 

i 0 

1 

4% 

1 

1 

0 

451 

1 

0 

1 

45ii 

1 

i 1 

0 

45q 

1 

1 , 1 

0 


Monosporidial isolates were made from variants arising in solopathogenic 
lines and were inoculated into corn plants. Of 14 monosporidial isolates 
made from 5 variants, all were solopathogenic. These results agree also 
with those obtained by Christensen (3). 

The non-solopathogenie monosporidial isolate from the solopathogenic 
line 44A3 (Table 6) was inoculated into corn plants in combination "with 
each of 2 haploid compatible lines. It formed galls and chlamydospores in 
combination with one line and not with the other. This test was not re- 
peated, and too much emphasis should not be placed on it. It suggests, 
however, that a delayed segregation for compatibility factors may possibly 
account for loss of solopathogenicity in culture. 

Germination of Chlamydospores Produced by Solopathogenic Lines 

In some cases chlamydospores formed by solopathogenic lines produced 
fewer proinyeelia that lysed than the chlamydospores from the original 
(U'oss from which these lines were obtained. To eliminate the possibility 
that ex(^essive handling of the chlamydospores in spreading them on the 
agar might cause lysis, chlamydospores produced by 6 solopathogenic lines 
were fdaced on thiu films of sterile agar and touched lightly 'with other films 
of agar to spread the spores. Some of the proinyeelia still lysed. 
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Forty-two to 96 per cent of the chlamydospores from 10 solopathogenic 
lines from 3 crosses produced promycelia that lysed (Table 7). From 


TABLE 7. — Comparison of percentage promycelial lysis in chlamydospores produced 
by three lethal crosses and by solopathogenic lines from these crosses 


Source of chlamydospores 

No. spores 
germinated 

Percentage of 
lysed promycelia 

Cross 40 (10A4X15C2) 

653 

85.0 

Six solopathogenic lines from Gross 40 

1853 

42.1 

Cross 44 (10A4xir.F. A3) 

265 

^ 80.4 

Two solopathogenic lines from Gross 44 

287 

1 47.7 

Cross 45 (U.E.A1XU.F.A4) 

867 

' 94.2 

Two solopathogenic lines from Cross 45 

543 

i 96.3 


these data it may be seen that the chlamydospores obtained from the solo- 
pathogenic lines from crosses 40 (10A4xl5C2) and 44 (10A4xU.F. A3) 
produced fewer promycelia that lysed than did the chlamydospores from 
the original crosses. The 2 solopathogenic lines tested from cross 45 
(U.F. A1 X U.F. A4) produced chlamydospores in which lysis occurred as 
often as in the original ehlamyclospore material from wdiich they were ob- 
tained. Chlamydospores from 2 solopathogenic lines from cross 42 (10A4 x 
15 Cl) were tested several times also, although no counts were made; it was 
found that fewer promycelia disintegrated than in the ease of chlamydo- 
spores from the original cross. 

Among chlamydospores produced by the solopathogenic lines from 
crosses 40, 42, and 44, no torulose and large-celled promycelia were observed. 
Most of these lines produced chlamydospores with promycelia that were 
apparently normal in shape; there was little difficulty in finding 4-celled 
promycelia with sporidia on each cell. In a few of these lines the chlamydo- 
spores formed promycelia with less than 4 cells. 

Solopathogenic lines from the same cross differed with respect to the 
viability of the sporidia isolated. Single sporidia isolated from each of the 
cells of the promycelia of chlamydospores produced by solopathogenic lines 
40n and 40n~l grew readily, but a rather large number of the sporidia iso- 
lated from the promycelia of the chlamydospores produced by 40ce, 40e, and 
40e-l died or budded only once or twice. In some eases, the isolated sporid- 
iiim produced a hyphal strand, which soon died. Sporidia were isolated 
from several collections obtained from inoculations made at different times 
and they behaved in the same way. 

Differences in the percentage of promycelial lysis were found among 
chlamydospores produced by solopathogenic lines from the same cross. For 
example, 16.5 per cent of the promycelia from line 40e disintegrated, while 
49 per cent and 50 per cent of those from lines 40n and 40n-l, respectively, 
disintegrated. 

The germination of chlamydospores produced by 25 soloiiathogenic lines 
from 5 different crosses was observed. With the exception of the chlamydo- 
spores from the solopathogenic lines obtained from cross 45 (U.F. A1 x 
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IT.P. A4), the germination was much closer to normal than in the ease of the 
chlamydospores produced by the original cross. 

Segregation and Mutation in Solopathogenic Lines 

From cross 40 (10A4xl5C2) a solopathogenic line was obtained that 
was almost identical culturally to the 10A4 parent. A variant arose in this 
line, and a monosporidial isolate was made from it that proved to be solo- 
pathogenic. The variant later gave rise in turn to a variant, and a mono- 
sporidial isolate from it was also solopathogenic. At the same, time it was 
found that the original 15C2 parent had produced a variant in culture which 
was still haploid, based on inoculation tests alone and in combination with 
compatible lines. 

Culture 10x14 was brown and smooth on the surface. The culture 15 C2 
was brown also, but its surface was convoluted and the margin had counter- 
clockwise lines. Culture 15C2-1, the variant from 15C2, was light buff and 
had a fine white mycelial covering over a rough surface. The variant 40n--l 
from the solopathogenic line 40n w^as brown with a fine white mycelial 
growth over the surface also. 

Prom the promycelia of 8 chlamydospores produced by the solopatho- 
genie line 40n, 5 sets of 4 sporidia and 3 sets of 3 sporidia were isolated, and 
the resulting cultures were grown in duplicate flasks. Seven lines were 
obtained witli cultural characters like 10 A4 and 4 like 15 C2. The other 16 
lines were similar to both 10A4 and 15C2. Both the 10A4 and 15C2 types 
were recovered from the promycelia of 3 of the 8 chlamydospores. 

Prom the chlamydospores produced by the solopathogenic variant 40n-l, 
9 sets of 4 sporidia and 5 sets of 3 sporidia were isolated and compared in 
duplicate flasks. Five of these 51 lines were like 10A4 culturally, 5 re- 
sembled 15C2~1 rather closely, and 8 lines had a white overgrowth. Twenty 
other lines were like 10 A4 in color but like 15C2-1 in topography, being 
rough on the surface. None was like 15 C2. 

Pour of the monosporidial isolates from the chlamydospores produced 
by 40n and 16 of those obtained from 40n~l 'were inoculated into corn plants 
alone and in various combinations. None was solopathogenic and all formed 
chlamydospores in certain combinations. These tests, repeated, gave similar 
results. Among the lines used were those resembling 10A4, 15C2, and 
15C2-1 in cultural characteristics. 

These results indicate that the solopathogenic line 40n was diploid, as 
the original parental types were recovered; and segregation occurred for 
sex or compatibility factors and for cultural characters. They also indicate 
that the valiant from the solopathogenic line was produced as a result of a 
heritable change, and that rather similar mutations for cultural characters 
could occur in a genom whether alone or included in a nucleus with another 
genom.''^ 

“ TTnpubUshed cytologieal results of E* C. Stakman have sliown that the solopatho- 
gv.nkt lines used in these studies were not dikaryotic. 
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CHLAMYDOSPORE SIZE 

The chlamydospores that germinated abnormally were larger than those 
that germinated normally. Christensen (3) found this to be true also of 
the abnormally germinating chlamydospores he studied. 

One hundred chlamydospores from each of 21 crosses were measured with 
ail ocular screw micrometer, the spores being measured as they lay on a film 
of agar (Table 8). The data were analyzed by the method given by Fisher 


TABLE 8. — A comparison of average lengths and widths {in microns) of 100 
chlamydospores from each of crosses within TJstilago seae 


Abnormally germinating chlamydospores 

Normally germinating chlamydospores 

Cross 

Length 

Width 

Cross 

Length 

Width 

10A4 X lOCl 

10.28 

9.68 

16A1 X XJ.F. A4 

7.87 

7.42 

10A4 X 15C2 

10.48 

9.84 

21H1 X U.F. A4 

8.39 

8.05 

16A3 X XJ.F. A1 

10.57 

8.06 

21H2XU.F. A4 

8.35 

7.74 

16B3-1 X Fargo B1 

11.05 

9.46 

21H4 X Fargo B1 

8.29 

> 7.89 

21H3 X IJ.r. A4 

10.82 

9.01 

21C3 X Fargo B2 

8.49 

7.57 

21H3 X Fargo B2 

10.83 

9.92 

22B2 X Fargo B2 

8.39 

7.91 

21AlxXJ.F. A1 

9.65 

9.07 

46D1XU.F.A4 

8.89 

7.24 

40f X 15C2 

11.03 

9.37 

36E3X16B2 

8.86 

7.27 

40a X 40i 

10.16 

9.56 

Fargo B1 x B2 

8.57 

8.13 

44B3 X Fargo B2 
IJ.F. A1 X A4 

10.72 

11.69 

9.80 

8.14 

XJ.F. A4x Fargo B1 

8.63 

8.05 


(11), and the value was obtained from the tables of Snedecor (15). 
The lengths and widths of the abnormally germinating chlamydospores pro- 
duced by the 11 lethal crosses were 9.7 jj - 11.7 p by 8.1 p -• 9.9 jj ; and 7.9 p - 
8.9 IX by 7.2 p - 8.1 ja in the ease of the normally germinating chlamydospores 


TABLE 9. — Analysis of variance of lengths and widths of chlamydospores of 21 
crosses of TJstilago iseae 


Variation 

Degrees of 
freedom 

Sum of 
squares 

Variance 

F 

Length 

Within abnormally 

germinating group 

Within normally 

10 

3,111.51 

1 

311.15 

8.04b 

germinating group 

9 

1,446.50 

160.72 

4.16a 

Between two groups 

1 

48,097.99 

48,097.99 

1,243,48b 

Within crosses 

2079 

80,409.08 

133,065.08 

38.68 

Total .. 

2099 






Width 


Within abnormally 





germinating group 

10 

7,416.46 

741.46 

40.19b 

Within normally 





germinating group 

9 

1.784.44 

198.27 

10.74b 

Between two groups 

1 

22,050.55 

22,050.55 

1,194.5b 

Within crosses ... 

2079 

38,383.55 

18.46 


Total 

2099 

69,635.00 








a Value of ^ ’ ’ exceeds 5 per cent point, 

b Value of ‘ ’ ’ greatly exceeds 1 per cent point. 
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from the 10 non-lethal crosses. The ehlamydospores from many of the lethal 
crosses were rather irregnlar in outline, and a few were found with distinct 
apiciila. 

ehlamydospores produced by 90 crosses among the various lines used in 
these studies were checked by observation as to size and then were germi- 
nated. The ehlamydospores of 28 of these crosses were large and germi- 
nated abnormally, while those produced by the other 62 crosses were smaller 
and germinated in the normal way. 

The data in table 9 not only indicate that the difference in size is sig- 
nificant between ehlamydospores produced by lethal and non-lethal crosses, 
but also show that there were significant differences among the various col- 
lections measured. 

ehlamydospores produced by solopathogenic lines were compared with 
those of ehlamydospores from the original crosses from which the solo- 
pathogenic lines arose, ehlamydospores produced by two crosses between 
compatible haploid lines obtained from the ehlamydospores produced by the 
solopathogenic line 40n-l were measured also. The data (Table 10) show 


TABLE 10. — Comparative widths and lengths of ehlamydospores of B ahnormally 
germinating crosses, 6 solopathogenic lines, and 2 crosses hetween segregates from solo- 
pathogenic line 40n-l. 


Source of clilamydospores 

Length (in microns) 

Width (in microns) 

Cross 40 (10A4 x 15G2) 

10.48 

9.84 

Solopatliogeiiie line 40e 

8.51 

7.69 

Solopatliogeiiic line 40m 

8.28 

7.60 

Solopathogenic line 4 On 

8.45 

7.93 

Solopathogenic line 40n-l 

8.28 

7.60 

47 A1 X A2a 

7.95 

7.76 

47D2xI)3a 

8.46 

7.81 

Cross 45 (TJ.F. A1 x A4) 

11.69 

8.14 

Solopathogenic line 45p 

10.48 

8.34 

Solopathogenic line 45q 

11.71 

8.44 


a Cross made between 2 segregates obtained by isolating si}oridia from clilamydospores 
produced by soloi>athogenie line 40n-l. 


that the ehlamydospores produced by the solopathogenic lines obtained from 
cross 40 (10A4xl5C2) were of the same size as those produced by crosses 
between non-lethal lines, as given in table 8. The ehlamydospores produced 
by the solopathogenic lines from cross 45 (U.F. A1 x U.F. A4) were like 
those of the parental cross. Those produced by the two crosses between 
haploid isolates from 40n-l were more nearly the size of the ehlamydospores 
produced by the solopathogenic line 40n-l than the ones produced by the 
original cross 40 (10A4xl5C2). 

As stated ju'eviously, the ehlamydospores produced by the solopathogenic 
lines from crosses 40 (10A4xl5C2) and 44 (10A4xU.F. A3) were more 
nearly normal in their germination type than the ehlamydospores of the 
original crosses from which they were obtained. In cross 45 (U.F. A1 x A4), 
however, the ehlamydospores produced by the solopathogenic lines 45p and 
45(1 germinated as abnormally as the original ehlamydospores from which 
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they were obtained. Comparisons of germination type, percentage of lysis, 
and spore size are given in table 11. There is a correlation between spore 


TABLE 11. — Comparison of chlamy do spore size^ germination type, and lysis of orig- 
inal crosses, solopatho genie lines, and re-comMnations of isolates from solopatlio genic 
line 40n-l. 


Cross 

Sizea of 
chlamydo- 
spores 

Type of 
germina- 
tion 

Percentage 
of lysis 

40 (10A4X15C2) 

Large 

Abnormal 

85.0 

6 solopathogenie lines 

Normal 

Normal 

42.1 

47AlxA2b 

( i 

i £ 

59.6 

47D2xI)3 

i c 

( t 

29.8 

44 (10A4xIJ.E. A3) 

Large 

Abnormal 

80.4 

2 solopathogenie lines 

Normal 

Normal 

47.7 

43 (U.P. AlxA4) 

Large 

Abnormal 

94.2 

2 solopathogenie lines 

£ C 

( c 

96.3 


a Size was determined "by measurement or was estimated by visual comparison with 
other measured chlamydospores from similar lines. 

b Haploid lines isolated from promycelia of chlamydospores produced by the solo- 
pathogenic line 40n-l. 

size and abnormalities in germination, the solopathogenic lines from crosses 
40 (10A4 X 1502) and 44 (10A4x U.F. A3) producing the smaller chlamydo- 
spores with the more normal germination, while the chlamydospores pro- 
duced by the solopathogenie lines 45p and 45q were like those of the parental 
cross 45 (U.F. A1 x A4) with respect to size and abnormal germination. 

DISCUSSION 

Preceding experiments show that the abnormal germination of chlainydo- 
spores from certain crosses between haploid lines of Ustilago zeae is due to 
heritable factors. Haploid lines that carry the factor or factors for lysis, 
and diploid solopathogenie lines, can both be propagated indefinitely in cul- 
ture j hence the operation of the lethal seems to be confined to the time in the 
life cycle when meiosis occurs. The high percentage of solopathogenie lines 
among the surviving monosporidial isolates from abnormally germinating 
chlamydospores indicates that the peculiar germination tends to be asso- 
ciated with a failure of normal disjunction of chromosomes. As the per- 
centage of chlamydospores that lysed differed among chlamydospores pro- 
duced by different crosses, it would seem that the abnormal germination may 
be controlled by multiple factors. The partial return to normal germina- 
tion of chlamydospores produced by solopathogenie lines makes it difficult 
to account for the lethal on this basis. Chromosomal abnormalities prevent- 
ing the normal disjunction of the chromosomes at meiosis, yet capable of a 
partial return to normal in the process of the reductional divisions, might 
possibly be the cause. This would account for the differences found among 
solopathogenie lines with respect to abnormal germination, their partial 
recovery, and the perpetuation of this recovery in the chlamydospores pro- 
duced by crosses between compatible segregates from solopathogenie lines. 
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Tlie correlation that occurs between abnormal germination and the 
increased size of the chlamydospores is unexplainable Avith the data avail- 
able* It is interesting that Laskaris (13) found the same correlation in 
SpliQceloilieca sorghi. 

SUMMARY 

Clilaiiivdospores from certain crosses between monosporidial lines of 
VsUlago zeae germinate abnormally, producing gnarled and distorted pro- 
mycelia that either autolyze before producing sporidia or produce relatwely 
fcAA" sporidia in an irregular manner. 

Extensh^e experiments indicate that the lysis is not caused by an infec- 
tious agent of the nature of bacteriophage. 

The factor or factors for lysis are carried in ceidain lines only and segre- 
gation for factors affecting this character has been demonstrated by an 
appropriate series of crosses. 

As the lysis is restricted to the proinycelium, the operation of factors for 
lysis and other abnormalities asvsociated with it seems to be restricted to the 
period during Avhich meiosis occurs. 

There Avas a definite tendency for the production of unusually large num- 
bers of solopathogenic (apparently diploid) sporidia by promycelia of 
chlamydospores resulting from crosses iiivolving one or more haploid lines 
carrying the factors for lysis. 

Solopathogenic lines greAV normally, caused infection when inoculated 
singly into corn plants, and in other respects behaved like similar lines 
described by other investigators. 

Mutation occurs in solopathogenic lines, as Avell as in haploid lines. 

There Avas partial reA'ersion to the normal type of germination in the 
clilamydospores produced by some solopathogenic lines, as indicated by a 
decided decrease in the percentage of abnormal and disintegrating promy- 
eelia. "When haploid sporidia, produced by such ^ treA^erting ’ ’ lines AA^ere 
crossed, it Avas evident that the recovery persisted. 

There is a correlation betAveen the abnormallA^ large size of chlaniydo- 
spores and the tendency for these to germinate abnormally. This is unex- 
plained, but, according to Laskaris, occurs in Spliaceloilieca sorgM, also. 

LorisiANA State University, 

IJNiVERvSrTY Station, Baton Kouge, La. 
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EVIDENCE FOR THE EVOLUTION OP PHYTOPATHOOENIC 
VIRUSES PRO MMITOCHONDRIA AND THEIR DE- 
RIVATIVESP II. CHEMICAL EVIDENCE 
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INTRODUCTION 

Following the presentation of eytologieal and genetic evidence for the 
evolution of viruses from plastids or mitochondria, this paper presents 
chemical evidence for such evolution by demonstrating the occurrence of a 
ribose nneleoprotein in the plant plastid, of the same general type that con- 
stitutes viruses. There exist already indications of the presence of nucleo- 
proteins outside the nucleus, especially in the plastids. 

1. Plastids either derive from chondrioeontes, specialized mitochondria 
or proplastids, which divide, or by division of plastids already present (10). 

2. Variegation-inducing plastids, producing symptoms like viruses, show 
heredihr of their abnormal characteristics. Banga (1) and Bawden (2) 
indicated the presence of an extranuclear hereditary substance in the plastid : 
a nneleoprotein. 

3. Claude (3) demonstrated the presence of nneleoprotein in particles 
of protoplasmic centrifugates of animal origin, presumably chondriosomes 
or mitochondria. 

4. Eeed and Dufrenoy (13), Banga and Szent-Gyorgyi (1) demonstrated 
the presence of phosphorus in the plastid (although lecithins as phosphorus 
carriers might have been involved here). 

There exist also some indications of a relation between these nueleo- 
proteins and virus nucleoproteins. 

1. Bawden et al. (2) were the first to prove the firesenee of ribose nucleic 
acid in virus-proteins. Previous experiments have demonstrated the inter- 
relation between tobaceo-mosaie virus and the chromoprotein complex (20). 

2. They also have demonstrated the dependence of both chromoprotein 
and virus-protein on the same building stones and the same respiration 
system (21). 

EXPERIMENTAL 

I. Isolation of Chloroplasts in Suspension 

In order to separate the ehromoprotein complex from the nuclei and 
cytoplasmic proteins, the preparation of pure plastids was necessary. For 
tlie first steps t lie method of Graniek (9) wvas used with modifications. 

Method. 100 g. of of Nicotiami iahacitm var. Maryland eom- 

merciai w(‘re ground for 2 minutes in a Waring blender in an 11 per cent 
sucrose - .5 pei* cent thiourea solutioiL (The bGiavior of plastids in solu- 

^ Seientific paper Ko. A43, Oentributioii No. 1870 of the Marvland Agrieultural 
hxperiment Btatum (.Dopartmeiit of BotaBy). 
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tions from 2-22 per cent was studied. A 5 per cent sucrose solution, gen- 
erally considered isotonic with the cell, preserves the plastids poorly. 
Admixtures of salts tend to break up the plastids.) The suspension was 
kept at about 10° C. throughout the experiment. It was filtered through 
cheese cloth and then through pyrex glass wool. (Cytoplasmic strands 
occur when the preparation is not strained through glass wool.) The sus- 
pension was then subjected to selective centrifugation. Each time the pellet 
and the supernatant w'ere examined microscopically. 

Three minutes of centrifugation with an Adams Senior Angle Centrifuge 



Fig. 1. Photomicrograph of purified plastid preparation of leaves of Nieotiana 
tabac'um var. Turkish. 

at about 1500 r.p.m. followed by 20 seconds at 3600 r.p.m. for packing threw 
doTO heavy debris, starch, plastids with starch, a great amount of triangular 
crystals, and nuclei. (Granick reports that nuclei disintegrate. Fortunately, 
in our material the nuclei were thrown down intact before the plastids. ) The 
supernatant was centrifuged at about 4000 r.p.m. The pellet contained 
whole and some broken chloroplasts, and approximately 1 nucleus to each 
1000 chloroplasts. The resuspended pellet was recentrifuged at low speed 
(1500 r.p.m.) and the new pellet discarded. The supernatant was i-ecen- 
trifuged at 4000 r.p.m. The pellet now contained mainly intact plastids 
(Fig. 1) with some plastid debris. The pellet was rewashed and reeen- 
trifuged. Preparations of this type are free of nuclei and debris and, if 
kept in the refrigerator at about 4° C., remain intact for months. 



768 


Phytopathology 


[VoL. 33 


II. Extraction of the Nucleoprotein 

Preliminary extractions of iiueleoprotein were made from preparations 
of the eliromoprotein complex of the whole cell content, since the loss of 
material through purification of plastids amounts to 60-80 per cent. 

A. Extraction from Extracts of the Whole Cell, The general inetliod 
used for the preparation of the ehronioprotein complex has already been 
described (20). Howei^er, some important modifications were made. 

(1) The material was ground in a Waring blender in 0,1 per cent 
Na2HP04 buffer and 0.5 per cent thiourea. Thioitrea has proved an excel- 
lent a/nti-oxidant. Denny (5) was the first to use it to prevent the oxidation 
of phenolic compounds. 

(2) The ammonium sulphate, distilled water, and other solvents used 
were all brought to pH 7-8 in order to avoid any great deviation from the 
pH range of cytoplasm. In certain cases dilute sodium dodecylsulphate 
(0.1 to 0.05 per cent) was used where it was desirable to break up particles. 
Its use will be specifically mentioned. 

For the determination of nucleoprotein, the chromoprotein preparation 
made according to the previously described method (20) was precipitated 
by adding an equal volume of 30 per cent (NH4)2S04, collected on a Johns- 
Manville hyflo supereel eelite filter, was washed twice with 15, 7.5, 5 and 2.5 
per cent (NH4)2S04. The filtercake was then washed with distilled water, 
followed by elution with .1 per cent Na2HP04. This procedure was repeated, 
and the chromoprotein finally eluted with distilled water, brought to pH 8. 
Twice the volume of acetone was added in order to remove the pigments. 
The precipitated protein mixture was reextracted repeatedly wdtli acetone. 
With the third or fourth wash the carotenoids came off, since these ware 
more tightly bound than the chlorophylls. The preparation was then 
resuspended in chloroform-ether to remove lipoids, washed wdth alcohol, and 
finally w^ith distilled water. 

Digestion of the whole chromoprotein complex was accomplished either 
by 0.5 N NaOH for 3 hours at room temperature or 18 hours at 0° C., or by 
0.1 N KOH for 24 hours at 0° C. The preparation was then brought to pH 8 
and centrifuged. The pellet was re-extracted with either NaOH or KOH 
and the two supernatants added. 

The liberated nucleoprotein was precipitated by bringing the solution 
to pH 4.8 with dihite HCl, followed by centrifugation. The nucleoprotein 
pellet was repeatedly washed with water of pH 4.8. 

The nucleic acid was obtained from this nucleoprotein preparation by 
several methods. 

(1) By dissolving the iiueleoprotein in a NaOH solution at pH 8 fol- 
lowed by the addition of 5 times the volume of glacial acetic acid and cen- 
trifugation of the nucleic acid. The pellet was washed successively in 1 
i)er (unit H(h, alcohol, ether, then dried and tested. 

(2) By dissolving the nucleoprotein in NaOH at pH 8, adjusting the pH 
to 3.5 with IICl, and then adding 95 per cent ethanol and some ethyl ether 
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until a precipitate was formed. This precipitate was then treated as 
described for the precipitate in procedure ( 1 ). 

(3) By refluxing the chromoprotein, obtained after acetone treatment 
with N/80 NH 4 OH at 100"^ C. for several hours. Under these eonditions 
first the nucleoprotein wms split off, followed by liberation of the nucleic 
acid. The latter was further hydrolyzed on continuous boiling to iion-pre- 
cipitable fractions. 

B. Extraction of Nucleoprotein from Pimfied Plastkls, Since the 
extracts of whole cells, obtained by the method as described above, yielded 
relatively large quantities of nucleoprotein (w^hich was to be expected 
according to our working hypothesis), extractions were now made from 
purified plastids in order to eliminate any possible contamination with 
cytoplasmic or nuclear proteins. The methods as described under A were 
used beginning with the acetone extraction. After removal of the pigments, 
the minute disks or grana, imbedded in the stroma of the purified plastid 
centrifugate (see p. 767) are clearly visible. A few observations might be 
of interest : 

( 1 ) Alcohol extraction of the pigments was not possible. Apparently, 
the sucrose made the plastid wall impermeable and tough. Acetone allows 
extraction of the plastid pigments. 

(2) In order to be sure that no pentose or phosphorus might be obtained 
from lecithin-like components of the ehromoprotein complex, the acetone- 
'washed preparation was not Avashed with chloroform, but refluxed for at 
least 1 hour in a chloroform-ether mixture, thereupon ^vashed with ether, 
alcohol, and finally with distilled 'water. 

(3) The nucleoprotein ivas extremely difficult to extract from the whole 
chromoprotein complex, when this complex had been beforehand precipitated 
either by freezing, boiling, or the addition of certain mineral salts. This 
indicates that any treatment that denatures the complex (for instance freez- 
ing of the material) might interfere wdth the tests for nucleoprotein or 
nucleic acid. 

III. Properties of the Chromoprotein Complex 

A. Light AbsorMion in the YisiMe Spectrnm^ In order to prove that 
no appreciable clenaturation occurred during the extraction of the chromo- 
protein complex or the preparation of purified plastids, extinction curves 
for visible light (3900-8000 K) were made by means of a Coleman spectro- 
photometer. The spectral transmittance curve of a living leaf of NicoPiana 
tahacum var. Turkish (Fig. 2 ‘deaf’’) was compared with a ehromoprotein 
extract of the same variety (Pig. 2 “ehromoprotein”), and a purified plastid 
suspension in water (Pig. 2 “plastid”). The living leaf was infiltrated 
with water under evacuation immediately before measuring and placed in 
water between twm microscope slides (14). The chromoi)rotein tLxtract was 
one of those kept in a refrigerator for some months, to demonstrate the 
stability of the extracts. The region of maximum extinction for the chloro- 
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pliylls in all three cases was 6780-6790 A, for the carotenoids 4400 A. From 
this evidence we conclude that no considerable denaturation of the natural 
chromoprotein extract occurred. That Ijoth chlorophylls and carotenoids 
are carried^ ly the same chromoprotein complex is shown by the fact that the 
pigments remain together throughout the whole preparative procedure, and 
can be separated only by denaturation of the carrier complex (c/. 8). For 
comparison a curve showing the extinction by a petroleum-ether extract of 
the chromoprotein has been added (Fig. 2, ^‘petroleum ether extr,’’). 



Since the prismatic dispersion and the light intensity of the lamp of the 
spectrophoh)meter change very gradually around 6780 A, a very precise 
deterniiiiation ot the point of maximum extinction could be made by balanc- 
ing the instrument for (>xample at 6780 A, and then adjusting the wave- 
length s«»le to the point where the deviation of the indicating galvanometer 
was minimal. In this manner the same value of maximum absorption for 
leaf and solutions has been determined independently by 3 workers in our 
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laboratory. The occurrence of carotenoids in chromoprotein extracts of 
spinach has already been mentioned by Smith (16) and others. 

B. Birefringence of the Chromoprotein Preparations as Compared with 
That of Mosaic-virus Preparations, Chloroplasts have been reported as 
birefringent (10), whereas tobacco mosaic and certain other virus proteins 
show anisotropy of flow (2) . Therefore, the purified chromoprotein extracts 
were tested for birefringence. Some of the purified preparations showed 
faint anisotropy of flow. Since the weakness of this phenomenon might be 
due to the occurrence of aggregates of mainly non-oriented micelles, a weak 
solution of sodium dodecylsulphate (0.1 per cent) or of (NH 4 ) 2 S 04 (1 per 
cent) was added in the proportion of 0.05 cc. per 10 cc. extract and the 
preparation allowed to stand for 24 hours at room temperature (about 
22° C.). Strong green streaming birefringence wms observed. 

In order to determine whether this birefringence was due to the increased 
salt concentration itself or to its orienting effect the preparation was dia- 
lyzed against distilled water for 48 hours. Birefringence was still as strong 
as in the original sample, indicating that the salts acted only as orienting 
agents. 

The absence of any contaminating masked virus in the extracts that, if 
present, might have caused birefringence was assured (1) by the method of 
fractionation that would have removed the more soluble virus proteins, (2) 
by infectivity tests on Nicotiana talacum and N, glutinosa^ which were nega- 
tive, and (3) by differential precipitation of mosaic-virus protein and 
chromoprotein with a series of (NH 4 ) 2 S 04 concentrations. 

The failure of the freshly prepared chromoprotein extracts to show^ 
streaming birefringence is apparently due to the fact that immediately after 
extraction the protein micelles are not oriented to form elongated compound 
particles. A similar situation was observed in tobacco-mosaic-virus prepa- 
rations prepared from recently matured leaves shortly after infection. A 
lack of streaming birefringence of such virus preparations could be demon- 
strated by extracting the virus from young plants, infected only 12 days 
before extraction, following the method described previously (20), with the 
improvements as mentioned on page 768. These nonstreaming birefringent 
preparations, containing about 3.2 mg. protein per cc. of solution were 
colorless, only weakly opalescent, but highly infectious (‘‘old^^ virus prepa- 
rations are always somewhat brown). Various tests were performed with 
such preparations. One sample was left standing at room temperature. 
This developed weak birefringence in time. To a second sample sodium 
dodecylsulphate (to approximately 0.05 per cent) was added. Within 12 
hours this developed strong streaming birefringence and also increased 
opalescence, which were identical in appearance to that occurring in samples 
of ‘‘old’^ virus. This sample, when kept for weeks, continued to show 
birefringence. A third sample was dialyzed against tap water for 48 hours 
and distilled wmter for 48 hours. No streaming birefringence could be 
detected, even after 14 days standing at 4° C. A fourth nondialyzed sample 
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was kept at 4^ C. This developed very weak streaniing birefringence after 
some weeks standing. These observations are in accordance with Pramp- 
ton’s considerations on the shape and size of mosaic-vims particles (7). 

Apparently, as in the case of the chroinoprotein preparations, the micelles 
of ''fresh'’ virus of recently infected plants are not arranged in rod-shaped 
aggregates siifficiently to show streaming hirefringence, 

Snmmarizing, we can state that removal of salt by dialysis suppresses the 
polar arrangement of the micelles in non-oriented preparations, whereas 
standing at room temperature increases the orientation slowly. Weak 
sodium dodecylsulphate solutions speed up the polar arrangement of the 
micelles. 

C. Fluorescence. Watery solutions of the chromoprotein complex are 
clearly red fluorescent, although not so strongly as acetone solutions of pure 
ehlorophylL 

In the light of the chemical and physical data presented here we can 
conclude that the chromoprotein complex, prepared by the methods given 
in this and a previous paper (20) must resemble closely the state in which 
it occurs in the living leaf. 

IV. Properties of the Nucleoprotein Obtained from Plastids 

The nucleoprotein, obtained as described under III was soluble in 
alkaline solutions and precipitated at pH 4.7. It was insoluble in alcohol, 
acetone, ether and chloroform. The protein in solution had a high buffer 
capacity to base on the acid side of pH 4.7. Millon's, xanthoproteic, and 
biuret reactions were positive. BiaPs test (orcin, HCl, FeCls) yielded a 
blue-green color reaction, the orcin-HCl test a purple color. The ammonium 
molybdate-benzidine reaction for phosphorus 'was positive. The nucleo- 
protein remained in solution even after 4 days of dialysis against distilled 
wmter. The solution was brownish and opalescent. The ultra-violet absorp- 
tion spectrum was determined from a sample prepared from pure plastids 
by digestion of the protein complex (after removal of the pigments) with 
0.1 N KOH at 0° C. for about 12 hours. The digest was brought to pH 6, the 
non-soluble protein centrifuged out and the supernatant brought to pH 8, 
diluted ten times and measured. The maximum absorption band was from 
2570-2600 A (Fig. 3).^ The curve is similar to the curve obtained by 
Claude (3) for the tumor fraction of mouse-brain preparations, and by 
Bawden for bushy-stunt virus (2). 

The pure nucleic acid preparation, obtained by alkaline digestion of the 
nucleoprotein was precipitated by 85 per cent acetic acid. The 'white 
powder was soluble in alkali at pH 8.0. Millon’s, xanthoproteic, and biuret 
reactions were negative, as wms Schiff's fuchsixi-sulphurous acid test for 
desoxypentose. Schiff’s aniline acetate test for furfural was positive after 
acid liydrolysis of the nueleic acid brought about by boiling it for a few 

^ We are iiiciebted to Mr. H. Wiseman of tlie Bureau of Animal Industry, U.S.B.A., 
t<sT d<d(n‘mmi Jig the absorption speetrum of this preparation. 
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minutes in 12 per cent HCl, indicating the presence of d-ribose. The nucleic 
acid is totally hydrolyzed by 0.5 N NaOH in the cold or by boiling with 
dilute NaOH or with 30 per cent HCL It is insoluble in boiling ether- 
chloroform or in ether-chloroforni-alcohol mixture, even after continued 
refluxing. This excluded the presence of leeithin-like substances. A nucleic 


Pig. 3. The ultraviolet absorption spectrum of a iiucleoprotein solution obtained 
from, purified plastids of Nicotiana tabacum var. Turkish. 

acid precipitate was obtained by hydrolyzing the ehroinoprotein complex 
with 0.5 N NaOH and by treating the alkaline solution of nncleoprotein 
(twice refluxed in ether with 5 Yolunies of glacial acetic acid). The precipi- 
tate was washed with 1 per cent HCl, alcohol, and ether, and then dried. 
After redissolving in dilute NaOH, the preparation was filtered and inea- 
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siired. It miglit have eontained some nucleoprotein. The absorption curve 
was determined according to the usual match-point method.^ Maximum 
absorption was between 2560 and 2600 A. 

DISCUSSION 

A number of investigators have worked with ''Lubimenko-extracts'’ 
(12), which are partly suspensions of the grana that constitute the chloro- 
plasts, and with various chlorophyll extracts. Hubert (11) reviews the 
literature before 1935. He repoids that, except for a ground leaf suspension, 
the main absorption band of chlorophyll in colloidal solutions is ahvays 
found moved towards the blue. Since 1935, Stoll and Wiedemann (17), 
Shafer (15), Smith (16), Fishman and Moyer (6), to mention a few^, have 
worked with modified Lubimenko extracts of chlorophyll. They mention a 
brown supernatant that indicates oxidation, which we have shown to cause 
an instability of the position of the absorption bands of the purified pig- 
mented protein extracts. Our experiments have demonstrated that this 
instability is due to an insufficient prevention of the action of oxidative 
enzymes. Some of the samples prepared according to the methods described 
in this paper liave been stable for more than 6 months wdien kept in the 
refrigerator at about 4° C., showing only some broadening of the absorption 
bands. However, as soon as some oxidation was allowed to proceed, the 
point of maximum absorption shifted gradually from 6780 A and after some 
hours to 6750 A. 

In an earlier paper the Avriters (22) presented cytological and genetic 
evidence for the evolution of viruses from plastids or proplastids (mito- 
eliondria or chondrioeontes). In this paper the chemical similarity of 
viruses and an essential part of the ehromoprotein complex, namely a ribose 
nueieoprotein is demonstrated. Thus, one of the arguments in favor of the 
organismal origin of viruses, namely, that no nucleoprotein of the ribose 
type eould be found in the '^host’’ in sufficient quantity to explain the high 
eoneentratioii of virus protein, sometimes encountered, is invalidated. 

A further parallelism betAveen the cytological and chemical CAudence for 
the evolution of viruses from plastid or mitochondrial ribose-nucleoproteins 
can be fonml in the gradual modification of the variegation-inducing plastid 
as presented in a spectrum’^ of A^ariegations (22). The first cytological 
evidence of plastid change occurs in mild variegations. Here light green 
plastids are found. Continuing along the speetrum of A^ariegation the next 
change is the occurrence of light-green plastids, which turn yelloAV (=loss of 
chlorophyll), the occurrence of yelloAV plastids, Avhich bleach (=loss of some 
carotenoid pigment), the occurrence of colorless plastids (=loss of both 
(ddoro{)hylIs and carotenoids), the occurrence of proplastids (chondrioeontes 
or mitochondria) only loss of complex plastid structure), and finally, the 
(xHurrenee of small sub-mitoehondrial units only. Presumably slow-inoving 

We are indcjbted to Mr. H. Armstrong of the National Cancer Institute for photo- 
graphing the ultra- vmlet absorption spectrum of this sample. 
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viruses^ such as that causing AhuMlon mosaic, are of such a structure, 
whereas viruses like that of tobacco mosaic represent only the modified mono- 
inolecular ribose niicleoprotein residues of the plastid complex. 

This gradual loss of components presents a parallel with the degrees of 
chemical linkage that exist between the components of the chromoprotein 
complex as indicated, e.g,^ by the gradual breakdown of purified plastid 
preparations by controlled chemical means or by aging. A treatment with 
acetone removes the chloroph.ylls first, followed after repeated washing by 
the removal of the carotenoids. In order to remove the lecithin-like com- 
ponents still more drastic treatments must be used, and, in order to liberate 
the free niicleoprotein, a prolonged digestion is necessary. 

Following up this parallel we offer the diagram below^, part of wdiich has 
already been proved to be correct, as a working hypothesis that visualizes 
the chemical evolution of viruses from normal plastids or mitrocliondria. 


TABLE 1. — Diagram indicating the chemical evolution of plant viruses from plaS' 
iids or mitochondria 


Normal plastids 

Plastids of Region 

I of the 
‘ ‘ variegation 
spectrum ’ ’ 

Mitochondria or 

1 proplastids of 

1 Region III-IV-V 

I of the spectrum 

and certain com- 
plex viruses 

Viruses 

Chlorophylls 

Carotenoids 

Lipoproteins 

Nucleoproteins of the 
ribose type 

Carotenoids 

Lipoproteins 

Nucleoproteins of the 
ribose type 

: Lipoproteins 

Nucleoj)roteins of the 
ribose type 

Nucleoproteins of 
the ribose type 








The animal viruses of the ribose nucleoprotein-type could similarly have 
derived from the chondriome, or mitochondrial-comi^lex of the host-cell. 
Thus, also over the chondriome a connection might be established betw^een 
certain cancer agents and viruses (c/. 18). In this way the variegation- 
inducing plastid or chondrioconte can be considered analogous to the cancer 
inducing mitochondrium (=chondriosome) with its limited intercellular 
mobility. The work of Claude (3) presents evidence for this statement, 
since he has demonstrated the presence of ribose nucleoproteins in the par- 
ticulate components of normal and cancerous cells of chick and mouse (pre- 
sumably mitochondria) and has suggested the etiologic significance of 
abnormal mitochondria in cancer (cf, also 19). 

Proof for the origin of animal viruses from the mitochondria or chon- 
driome is more difficult to furnish, than for the origin of plant viruses, since 
the mitochondria in animals remain small and are never tagged’’ like the 
modified plastids of plant-variegations. A further study of the causes lead- 
ing to the gradual change of the nucleoprotein complex in the modified jilant 
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plastids might lead to a better understanding of various animal viroses and 
cancers, as well. 

SUMMARY 

All extraction method for the ehroinoprotein complex from plastids is 
presented. 

Some conditions for the occurrence of streaming birefringence of the 
complex are given. 

For comparison some conditions for the occurrence or absence of stream- 
ing birefringence of tobacco mosaic virus protein are presented. 

The resemblance of the chromoprotein complex to the complex as it 
oeenrs in the living state is demonstrated by analysis of the spectral absorp- 
tion of extracts and living leaves and by some of its chemical and physical 
characteristics. 

Various reactions characteristic of ribose nncleoprotein are given by a 
protein fraction of the ehroinoprotein complex of purified plastids of 
Nicofiand talnimyn. 

Some evidence for the evolution of plant virus niicleoproteins from the 
niieleoproteins of the plastids is presented, which suggests the possibility of 
a similar evolution of certain animal viruses from mitochondria, and a 
parallelism of variegation-indncing plastids and eancer-indneiiig inito- 
ehoiidria. 


The authors wish to express their indebtedness to Dr. N. L. Drake, Head 
of the Department of Chemistry, University of Maryland, for his evaluation 
of the various chemical procedures used, and Miss H. Eyan for her help in 
preparing the manuscripts of the two papers. 
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PRODUCTIVITY OP MOSAIC-RESISTANT REFUGEE BEANS 

J. C. Walker akd J. P. Jolivette 
(A ccepted for publication December 18, 1942) 

INTRODUCTION 

Since the variety Stringless Green Refugee has become a widely used 
snap bean (Phaseolus vulgaris L.) for canning in northern United States, 
its extreme susceptibility to common mosaic {hean virus 1 Pierce) has often 
been a limiting factor in production. The successful control of the disease 
in this type of bean began with the discovery of an immune plant in the 
variety by Ralph Corbett of the Sioux City Seed Company at Billings, 
Montana, in 1929. The progeny of this plant was also completely immune, 
and the subsequent variety known as Corbett Refugee has served as a parent 
for breeding juirposes. In itself Corbett Refugee, although similar to 
Stringless Green Refugee in many respects, was unsuitable in others to 
replace the latter. The first 2 varieties developed from Stringless Green 
Refugee and Corbett Refugee were derived from a cross made in 1930 by 
Pierce and Walker (8). These were designated as Wisconsin Refugee and 
Idaho Refugee and were introduced to the trade in 1934. A third variety 
was introduced as U. S. No. 5 Refugee b^^ Wade and Zaunieyer (11) in 1935. 
In 1941 Anderson (1) announced two new varieties, Sensation Refugee 1066 
and Sensation Refugee 1071, derived from a cross of Idaho Refugee with 
Stringless Green Refugee and with U. S. No. 1, respectively. 

By 1937 the first three of the resistant varieties mentioned had reached 
commercial volume. Preliminary experimental lots of the last twn varieties 
were made available by the introducers. The purpose of the investigation 
reported herein was to study the productivity, pod type, and canning 
(|uality of these new varieties in comparison with mosaic-susceptible String- 
less Green Refugee. Some attention wns also given to the effect on yield 
of an inherited variegation in some of the varieties. 

METHODS AND MATERIALS 

Trials were conducted at Madison, Wisconsin, in 1937, 1938, 1939, and 
1942 , and at Racine and Green Bay, Wisconsin, in 1939. Single-row 
plots, 25 feet long, were planted in randomized and replicated plots at Madi- 
son and Racine. Double-row, non-replicated plots, 150 feet long, were 
planted at Green Bay. Pods wei^e picked at regular intervals and weighed. 
Since no signifieant differences occurred betw^een various commercial lots 
ot a giv(ui variety, only the averages for each variety were presented here. 
(\>nimercia] lots of. Stringless Green Refugee usually contain a majority 
of seeds that carry bean virus 1. Before mid-season most ])lants in this 
variety l)ecanie diseased. In order to study the effects of tlie disease on this 
variety, a virus-free stock was built up by growing a commercial stock in 
theg!*eenh()use where infected plants could be eliminated and dissemination 
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of tlie virus prevented. The stock thus secured was increased out of doors 
in an isolated area and again rogued thoroughly. The mosaic-free stock 
was used in the yield trials of 1939 and 1942. 

At certain pickings in 1939 random samples from each lot were graded 
according to standard sizes based on the maximum diameter of the pod. 
Since the ideal Eefugee bean pod for canning is circular in cross section, 
measurements also were made of the diameter of the cross section taken from 
cheek to cheek and from suture to suture. The S/C factor was then obtained 
by dividing the average cheek diameter into the average suture diameter. 
Thus, as pods tended to become flat this factor exceeded 1.00. The writers 
are indebted to Dr. J. H. Torrie of the Department of Agronomy, University 
of Wisconsin, for assistance in selection of plot designs and in setting up 
data for analysis. 

experimental results 
Occurrence of Mosaic-like Variegation 

Corbett Eefugee contains a chlorophyll-deficient character that has been 
retained in Wisconsin Eefugee and Idaho Eefugee. It is manifested in 
various forms some of which are readily confused with mosaic. Mottling 
occurs in one or more leaflets of the trifoliate, sometimes in the unifoliate 
leaf, and very commonly it is confined to one side of the midrib, causing 
dwarfing, which may be so extreme as . to result in pronounced unilateral 
distortion. Occasional plants may show extreme deformity of most leaves 
while pods are distorted, misshapen, and disfigured by necrotic areas. On 
the other hand, in a large share of the plants affected the abnormality is con- 
fined to 1 or 2 leaves which may drop early, leaving the plant normal for the 
remainder of the season. 

Harrison and Burkholder (3) and Plorsfall, Eeinking and Burk- 
holder (4) described this abnormality in New York and suggested it to be 
virous in nature, since it appeared first in the younger leaves. Zau- 
meyer (12) has shown it to be a hereditary characteristic, and this has been 
confirmed repeatedly by the writers. Other hereditary chlorophyll deficien- 
cies in bean have been described (5, 6, 7, 9) which might be confused with 
mosaic. None of these seem to conform with the character found in strains 
of Eefugee in which Corbett Eefugee has been a parent. Zaumeyer (12) has 
presented evidence to show that it consists of 2 very similar types of varie- 
gation, and that one type of variegation is controlled by 2 complementary 
factors. However, no progenies breeding true for this character were 
secured indicating either that the double recessive is lethal or that modify- 
ing genes prevent or obscure the expression of the character in some plants of 
the double recessive progenies. Wade (10) has recently analyzed a second 
type in U. S. No. 5 Eefugee very similar to that found in Corbett Eefugee, 
Wisconsin Eefugee, and Idaho Eefugee. He suggests that this may have 
arisen in U. S. No. 5 Eefugee as a result of a chance cross with Corbett 
Eefugee. He interprets that this type of variegation may be due to any of 
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3 recessive genes, while the normal is attributable to the complementary 
action of 3 dominant genes. 

Certain studies were made of single-plant progenies from plants of 'Wis- 
consin Refugee and Idaho Refugee with no abnormality and from plants 
showing various grades of variegation. No attempt has been made to dis- 
tinguish between the 2 types indicated by Zaumeyer (12) and Wade (10). 
Selections made in 1939 were tested at Madison in 1940. The results in 
table 1 show that an average of 20 per cent of all plants were affected in the 
commercial Wisconsin Refugee stock, and approximately the same percentage 
occurred in progenies from plants selected as free from variegation. How- 
ever, progenies from moderately and severely affected parents showed corre- 
sponding increases in percentages of total plants affected and in relative 
proportions of moderately and severely affected individuals. Wade (10) 
points out that in field planting of Corbett Refugee at Charleston, South 
Carolina, only about 25 per cent showed variegation, — in such cases the 
degree was slight. Under greenhouse conditions, however, all Corbett 
Refugee plants -were variegated, and the mean was very close to that of the 
three lines carrying double recessives. Further evidence that variegation 
in Wisconsin Refugee is influenced by environment is shown in a green- 
house experiment conducted during winter months at Madison, Wisconsin. 


TABLE 1 . — The occurrence of inherited variegation in 'progenies from plants se- 
lected from Idaho Refugee and Wisconsin Refugee and in commercial Wisconsin Refugee 


Degree of abnormality 
ill parent plants 

Humber 

plantain 

progenies 

tested 

Percentage of plants showing degree 
of abnormality indicated 

None 

Slight 

Moderate 

Severe 

N'one 

118 

83 

10 

3 

4 

Moderate 

173 

29 

18 

22 

31 

Severe 

165 

15 

7 

20 

58 

Wis. Befugee (Comm.) 

149 

80 

9 

9 

2 


Plants from commei*cial Wisconsin Refugee and from seed selected from 
chlorophyll-deficient plants of that variety were grown in the greenhouse at 
4 temperature levels: 16, 20, 24, and 28° C. The results, given in table 2, 
show that the lot grown from seed of affected parents contained a high per- 
centage of affected individuals at 16, 20, and 24° C., while the abnormality was 
very decidedly suppressed in this group and in commercial Wisconsin Refu- 
gee at 28°. It may be possible, therefore, for variation in the amount of this 
chlorophyll aberration to be found in fields from the same lot of seed due to 
temperature variations resulting from differences in planting date, season, 
and location. Furthermore, it was found necessary to make frequent counts 
on this clmracfiir to record all affected plants since only 1 or 2 leaves might 
show the abnormality, while earlier and later leaves remained normal. It is 
imp<trtunt, therefore, that these facts be taken into account in the genetic 
analysis of this eharaeter. By selection within Idaho Refugee, lines free of 
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this character have been obtained. No evidence of this abnormality was 
noted in lots of Stringless Green Kefngee, U. S. No. 5 Eefiigee, Sensation 
Kefngee 1066, and Sensation Eefugee 1071 used in these experiments. 


TABLE 2.— The occurrence of variegation in commercial Wisconsin Ref ugee and in 
progenies from afected plants in this variety when grown in the greenhouse at different 
air temperatures at Madison, Wisconsin, in December, January, and February 


Average air 
temperature 
of greenhouse 

Progeny from affected plants 
of Wisconsin Eefugee 

Commercial Wisconsin Eefugee 

Plants tested 

Plants affected 

Plants tested 

Plants affected 


Number 

Fer cent 

Number 

Fer cent 

16 

40 

60.0 

33 

15.1 

20 

51 

64.7 

35 

17.1 

24 

52 

50.9 

30 

16.7 

28 

37 

8.1 

32 

3.1 


Total Yields ' 

The average yields for each strain or variety are given in table 3. In 
1937 commercial Stringless Green Eefngee gave the lowest yields, while 
Wisconsin Eefngee was consistently intermediate between it and Idaho 
Eefngee. U. S. No. 5 Eefngee yielded closely to the latter in both seasons, 
while in 1938 Sensation Eefngee 1066 and Sensation Eefugee 1071 produced 
much more heavily than all others. In 1939 essentially the same order was 
maintained at 3 locations in the State with the exception that Wisconsin 
Eefngee fell below Stringless Green Eefngee at Madison. Idaho Eefngee, | 

U. S. No. 5 Eefngee, Sensation Eefngee 1066 and 1071 were each significantly e" 

higher in production than Wisconsin Eefngee at this location, but there was 
no significant difference between the 4 highest yielders. At Eacine these 4 
wex’e again highest, but only one (Sensation Eefngee 1071) was significantly 
higher than Wisconsin Eefngee. At Green Bay, where only a single plot 
per variety was planted, the Wisconsin Eefngee yield was higher than that 7 

of either Idaho Eefngee or U. S. No. 5 Eefngee, while Sensation Eefugee 1066 I 

and 1071 were again the highest yielding lots. I 

It is of special interest to note the comparative yields of Stringless Green 
Eefngee from commercial and from specially selected mosaic-free seed. ' 

These were compared in 1939 and in 1942. In the former year mosaic 
occurred in a large percentage of the plants from the commercial seed, while 
those plants from mosaic-free seed remained free from visible current-season 
infection until well into the harvest. In 1942, by contrast, there was early dis- 
semination of the virus from the commercial stock to the selected stock with > . f 

the result that both were severely affected before harvest. In 1939 the f 

mosaic-free stock produced as heavily as Idaho Eefugee, U. S. No, 5 Eefngee, 

Sensation Eefugee 1066, and Sensation Eefugee 1071, and significantly 

higher than the commercial stock. In 1942, when the virus was disseminated ■ 

early and the disease was equally severe in both lots, the selected lot dropped 

in yield close to the level of the commercial stock. 
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TABLE 3 . — Yield of mosaic'resistant and mosaie-susceptiMe varieties of 'bean of the 
Bef ugee type in 1937, 1938, 1939, and 1942 


Yield in pounds per acre at 


Vai’ietj 

Madison in 

Bacine 

in 

Green 
Bay in 


1937 

1938 

1939 

1942 

1939 

1939 

Stringless Green Befugee (Commer- 







cial) 

Stringless Green Befugee (mosaic- 

2160 

4300 

7457 

6570 

6458 

4770 

free seed) 

Corbett Befugee 


7380 

10085 

6711 

8256 

5880 

■Wisconsin Befugee (Commerial) 

Wisconsin Befugee (selected for va- 

3058 

5400 

7066 


7727 

6180 

riegation) 


5920 

8290 


7426 


Idabo Befugee (Commercial) 

Idaho Befugee (free from variega- 

4883 

7120 

9736 

11224 

8542 

5675 

tion) 




11813 



U. S. No. 5 Befugee 

4931 

6570 

10174 

10743 

7939 

5945 

Sensation Befugee 1066 


9220 

11282 

9843 

8265 

7410 

Sensation Befugee 1071 

Difference required for significance 


9080 

10052 

12807 

12808 

1 6900 

(19:1) 

855 

1280 

1520 

3050 

1220 

i 


111 1938 and 1939 a lot of Wisconsin Refugee was included tliat had been 
derived from seed selected from plants showing the variegation character 
described above. About 85 per cent of the plants in this stock showed the 
character. It is to be noted that no significant difference occurred between 
the yield of this lot and that of the commercial stock of the variety. In 1942 
a stock of Idaho Refugee, free from this variegation as a result of several 
years ^ selection, was included. The yield of the variegationdree stock was 
not significantly different from that of the commercial stock of the variety. 
It may be concluded from these data that the variegation character has little 
or no influence upon yield. Its chief detrimental effect is the fact that 
occasional misshapen pods unsuitable for canning occur. The varieties 
possessing this character can and should be rid of it by selection. 

Rate of Production 

The rate of production as shown by the yield at various picking dates is 
of great importance in evaluating a variety for canning purposes. In 
figures 1 and 2 are given the yield curves for each variety tested at Madison 
in 1937, 1938, 1939, and 1942. The season of 1937 was very dry in late 
July and throughout August. In 1938 and 1942 the moisture supply was 
ample and well distributed during the picking season. In 1939 the rainfall, 
though not heavy, was well distributed, and in this year it was supplemented 
at Madison by overhead irrigation. This resulted in a longer picking period, 
so that harvest continued until September 11, although only yield data 
through August 28 are given in figure 1. 

The commercial stock of Stringless Green Refugee rose gradually to a 
peak after mid-season in each year and with Wisconsin Refugee was usually 
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latest ill initial yields of substantial size. In Corbett Eefugee, tested only 
in 1938, the first pick also coincided with Stringiess Green Refugee and the 
yield rose gradually to a peak about mid-season. Idaho Refugee and U. S. 



Eio. 1. Rate of production of resistant and susceptible varieties at Madison, Wiscon- 
sin, in 1937, 1938, and 1939. 

No. 5 Refugee, on the other hand, rose to early harvest peaks. Thus, it 
might appear that the former of these was much earlier in initial pick and 
harvest peak than either parent, Stringless Green Refugee or Corbett 
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Pef iigee. HoweYcr, mosaic-free Striiigiess Green Eefngee when grown quite 
free from mosaic in 1939 produced a yield curve very similar to that of 
Idaho Eefugee, and one that is undoubtedly the heritable yield character- 
istic of the variety. 

Wisconsin Eefngee, although it usually yielded on a curve nearly parallel 
with Stringless Green Eefngee, being free from the influence of mosaic, is 
actually a later variety. Thus, of the two varieties derived from the cross 
betw^een Stringless Green Eefngee and Corbett Eefngee, one, Wisconsin 
Eefngee, resembles in maturity and yielding habit the resistant parent, 
while the other, Idaho Eefngee, resembles the susceptible parent. 



Pio. 2. Bate of prodiietion of resistant and susceptible varieties at Madison, Wiscon- 
sin, in 1942. ■ . ■ , 

Sensation Eefngee 1071 reached an early peak along with U. S. No. 5 
Befugee, Idaho Refugee, and mosaic-free Stringless Green Refugee in 1938 
and 1942, but the production curve rose more gradually in 1939. Sensation 
Refugee was usually ready for the first pick 4 to 7 days ahead of the other 
strains tested. 

The mosaic disease causes some blossom-drop, stunts the plant, and delays 
maturity of pods. The effect of this disease on the rate of prodiietion of 
Stringless Green Refugee is shown when the picking curves for 1939 and 
3942 are eom[)ared (Fig. 3). It has been pointed out that in the former year 
tluj mosaie-iree stock remained free from disease until late in the season, 
while in 3942 plants from the identical lot became infected early through 
current-season spread. In 1939 the planting from mosaic-free seed reached 
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an early production peak while in 1942 when the plants were affected early 
it reached a late-season production peak along with that usual for the com- 
inercial stock. It appears that the high productivity of certain of the resist- 
ant varieties is due primarily to the control of mosaic through introduction 
of the resistant character by hybridization rather than by the introduction 
of any other factors that induced higher yields. 



Eig. 3. Comparison of commercial Stringless Green Refugee production rate with 
that of the same variety grown from mosaic-free seed. In 1939 the latter remained free 
from symptoms for most of the season and reached a production peak much earlier than 
the former. In 1942, when mosaic spread early throughout the plantings, both stocks 
reached a production peak late in the season. 

Relative Pod Size 

At several pickings at Madison in 1939 random samples from the har- 
vested pods w^ere taken from each variety and sorted into the standard-size 
classes used by canners. The results in table 4 show that the crop was picked 
so as to give a large proportion of small sizes, as desired for the whole bean 
pack, for vrhich this type is particularly suited. It is to be noted that there 
was little variation between varieties in the 3 and 5 sizes. Most lots were 
quite similar to Stringless Green Eefugee in 1-2 and 4 sizes. U. S. No. 5 
Eefugee was significantly lower than the former and Idaho Refugee in the 
percentage of pods in the 1-2 size. 

Relative Pod Shape 

It is highly desirable that beans of this type be practically eirciilar in 
cross section. In 1939 random samples of 25 pods were taken from 2 pick- 
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iiigs of each lot at Racine and Madison, and the S/C ratio ms determined. 
The data secured are given in table 5. These results show that the pods 
were significantly flatter at each station in the first as compared with the 
second picking. However, when Stringless Green Kef ugee is compared with 
any other variety at any one of the pickings, the difference is not significant, 
except in one picking of U. S. No. 5 Refugee. It may be eoiicliided, there- 
fore, that all of the mosaic-resistant varieties tested are equal in this impor- 
tant character to the mosaic-susceptible parent variety. 

TABLE 4 . — Relative proportion of standard pod si!^€s at 5 pickings at Madison 
in 19S9^ . 


Averages of percentage of pods bj’’ 
weight in the indicated size class 



1-2 

3 

4 

5 

Striiigless Green Refugee (Commercial) 

46 

36 

15 

3 

Stringless Green Refugee (mosaic-free seed) ... 

39 

36 

20 

5 

Idaho Refugee 

46 

31 

21 

2 

LT. S. No. 5 Refugee 

33 

38 

25 

4 

Sensation Ref ugee 1066 i 

38 

37 

22 

3 

Sensation Refugee 1071 

40 

34 

23 

3 

Wisconsin Refugee^ (Commercial) 

48 

34 

17 

1 

W^iseoiisin Refugee (free from variegation) ... 

43 

34 

22 

1 

Bifferenee required for significance (19: 1) ... 

11 

b 

b 

b 


Wisconsin Refugee was later in maturity than the other varieties; therefore, only 
3 pickings of lots of this variety were included, and it was not iiichided in the analysis 
of variance. 

Differences not signiiicaiit. 

TABLE 5 . — Tod shape as indicated hy the S/C factor 


S/C factor at station and dates indicated 


Variety 


Racine 


Madison 



Aug. 17 

Aug. 20 

Means 

Ang. IS 

Aug. 25 

Means 

Stringless Green Refugee (Commer- 
cial) 

1.08a 

1.01 

1.05 

1.D7 

1.01 

1.04 

Stringless Green Refugee (mosaic- 
free seed) 

1.07 

1.00 

1.04 

1.06 

1.10 

1.08 

Idaho Refugee 

1.04 

1.00 

; 1.03 

1.02 

0.99 

1.00 

U. S. No. 5 Refugee 

1.14 

1.03 

1.09 

1.06 

0.94 

1.00 

Sensation Refugee 1066 

1.07 

1.02 

1.05 

1.05 

1.05 

1.05 

Sensation Refugee 1071 

1.04 

1.00 

1.02 

1.01 

0.97 

0.99 

W^isconsiii Refugee (Commercial) 

1.05 

1.03 

1.04 

1.03 

0.99 

1.01 

W^iseonsiii Refugee (selected for va- 
riegation) 

1.05 

1.04 

1.05 

1.05 ! 

0.97 

1.01 

Means 

1.07b 

1.02 

1 

j 

1.04 

1.00 



a Difference required for significance (19: 1) between varieties at a station on a 
given date 0.07. 

Difference required for signifcance (19: 1) between dates at a given station 0.03. 


Camiing Quality 

In 1f)39 samples of ungraded whole pods from one of the mid-season 
['•K'kiiigs oF (‘a(di variety at Green Bay were processed at a commercial 
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cannery. Samples drawn from the pack were graded by a representative 
of the Bureau of Agricultural Economics, U. S. Department of Agriculture. 

All showed a maximum score as to clearness of liquor. All graded within 
80 per cent of the maximum for uniformity of color. Bach was graded at ' 
9,5 per cent of the maximuro, score for flavor. It is thus evident that all the 
mosaic-resistant varieties tested were equal in canning quality to the mosaic- 
susceptible Stringless Green Eefugee. 

Discussion and Summary 

The control of disease through the development of resistant varieties 
commonly involves the outcrossing of a susceptible variety weU-adapted to 
a certain environment and a commercial need, with a less desirable highly 
resistant strain. Such was the ease in the improvement of Stringless Green 
Refugee bean for resistance to common mosaic. The present investigation 
Avas planned to compare the susceptible variety with 5 resistant varieties as 
to yield pod shape, rate of production, and canning quality. 

' By comparison of the commercial stock of the susceptible variety ivith 
one in which the seed was virus-free, it was shown that the disease not only 
reduces the yield but distinctly alters the production rate. Four of the 
resistant varieties, Idaho Refugee, U. S. No. 5 Refugee, Sensation Refugee 
1066, and Sensation Refugee 1071, were closely similar to the mosaic-tree 
susceptible variety in quantity of yield and rate of production. Smsatmn 
Refugee 1066 was consistently earlier than all others in production 
the canning stage. Wisconsin Refugee was distinctly later in maturity than 
the other 4 resistant varieties and usually lower in total yield. Its produc- 
tion increased gradually to a peak late in the harvest period; and in tins 
respect it was similar to the behavior of the susceptible variety when the 

latter was affected early by mosaic. ^ 

No significant differences of importance were found between the resistant 
varieties and the susceptible one as to pod shape and size. All had equal y 

liigh canning quality. .-t i 

All of the desirable characteristics of the original susceptible variety seem 

to have been retained in the resistant forms. Among the 
a range of maturity from that of the earliest. Sensation Refugee 1066 to the 

latest, Wisconsin Refugee. . ^ 

A variegation inherited from the resistant parent occurs in Wisconsin 
Refugee and Idaho Refugee. Its expression is repressed by high ‘Hr tem- 
peratures. Although it did not have a significant influence upon yield it 
should be removed from these varieties by selection, since affected plant, 
produce some distorted pods undesirable for processing. 

Department op Plant Pathology, 

University OP Wisconsin. 

Madison, Wis. 
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THE EUSTS OP SAPPLOWERi 

I.L.CONNEES2.3 

(Accepted for publication March 8, 1943) 

INTRODUCTION 

Safflower (Carthamus iinctorius h.) lias been cultivated from aiieient 
times for tlie dye extracted from the flowers and tlie oil present in the 
seed (7). It is still cultivated extensively in India and Egypt for its oil 
seed and to a small extent in China, Japan, Turkestan and parts of 
Europe (16). Since the revolution, safflower evidently has been tested in 
widely separated regions of the Soviet Union as a source of oil. The plant 
also has been under trial since 1925 in the United States (16) and still 
more recently in Canada. 

Upon the discovery of Puccinia carfhami on safflower in Canada, a search 
was made to determine the history of the rust and its geographical distri- 
bution. The scattered nature of the literature appears to warrant the 
publication of information available on this and the other rusts of safflower. 

PUCCINIA CARTHAMI 

Puccinia carthami Corda was observed for the first time in Canada in 
1942. It was collected on safflower in the variety plots at Saskatoon, Sas- 
katchewan, on September 3, by R. C. Russell (S 1264) (Dept. Agr. Ottawa 
Mye. Herb. 12016). Rust infection was light to moderate on several lines 
or varieties. Subsequently, it was learned that a similar observation was 
made by T. C. Vanterpool, who examined the same plots on August 15. 
The rust, however, was collected as early as July 28 at Morden, Manitoba, 
by AV. E. Sackstoii (Dept. Agr. Ottawa Myc. Herb. 12017). The severity 
of infection on the same plants was estimated by B. Peturson to be 20 
per cent on August 26. Uredinia and telia, the only known spore stages 
for the species, develop in small scattered pulverulent pustules (23, p. 33) 
and are present in both specimens. The material was found to agree well 
with the description and figure published by Arthur (1, p. 349). The 
identification was confirmed by G. B. Cummins, Purdue University, Lafay- 
ette, Indiana, who compared part of the Saskatoon collection with the 
single American collection from Massachusetts, and with three collections 
from the Old World in the Arthur Herbarium. Portions of the latter were 
afterwards made available for study. Certain specimens were also kindly 

1 Contribution No. 728 from the Division of Botany and Plant Pathology, Science 
Service, Department of Agriculture, Ottawa, Canada. 

2 Associate Plant Pathologist, Central Experimental Parm, Ottawa, Canada. 

3 The author wishes to acknowledge his indebtedness to those who aided him in this 
study, particularly to Dr. G. B. Cummins for advice and help with the literature, to Dr, M. 
I. Timonin for translating parts of TranzschePs work from the Russian » and to Dr. E. C. 
Bussell for supplying the data obtained by him from an examination of samples of 
safflower seed. 
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loaned by D. H. Linder from the Farlow Herbarium of Cryptogainic Bot- 
any, Harvard University, Cambridge, Mass. 

Prom an examination of seed samples, details of which are reported 
later, the rust evidently occurred at Brooks, Alberta, in 1939; at Ottawa, 
at least in 1940 ; and at Indian Head, Sask., in 1941 and 1942. However, 
the rust was not observed at 'Winnipeg, Man., where the safflow^er plots at 
the University were examined in September, nor was it found on seed of 
the 1942 crop from Lethbridge, Alta., or in the plots during a general 
survey for disease carried out at the Station in the same year.^ 

The occurrence of this rust in Canada is of considerable interest, as it 
has been reported only once previously in North America, and because 
safflower may yet become a crop of some importance in Canada and the 
United States. The sole American record is based on a collection made on 
Carthamus tmctorius at Cottage City, Mass. (2, p. 512), in 1895 (1, p. 349). 
Although other diseases have been found on the crop during the recent 
trials in the United States (16), no mention of the rust is made. No addi- 
tional specimens or records are knowui to the Division of Mycology and 
Disease Survey, Bureau of Plant Industry Station, Beltsville, Maryland.''^ 

Puecinia cartkami was described by Corda in 1840 on Carthamus tine- 
torius collected at Prague in Bohemia (2, p. 512). The Sydows (22, 1 : 35) 
record, in 1902, its collection at Ober Glogau in Silesia, at Saaz and Prague 
in Bohemia, near Giza in Egypt by G. Schweinfurth, and in eastern India 
and Japan. Two specimens on this host from Japan have been examined: 
Botanical Gardens, Tokio, Y. Tanaka, June, 1888 (Farlow Herbarium) ; 
Sapporo, Prov. Ishikari, Naohide Hiratsuka, July 21, 1926 (Dept. Agr. 
Ottawa, Mye. Herb. 12018 ^ ex Herb. Arthur F8614), As noted by Tranz- 
schel (23, p. 402), it would appear that the rust occurs widely wherever 
the safflow^er is cultivated. He records it on safflower from the following 
localities in the Soviet Union — Azov-Black Sea region: Rostov, Maikop, 
Kayal, Armavir, Otrada Kubanskya; Armenia; Azerbaijan: Kirovabad; 
Uzbekistan: Tashkent (23, p. 372). The rust is knowui in Transylvania, 
where it w^as collected near Cluj, distr. Cojocna, by M. Peterfi, Sept. 4, 1918 
(FI. Roman. 204, copy in Farlcw Herb, examined). It also has been re- 
corded on Carthamus tinctorius in India at Pusa and in the Punjab 
(3, p. 65), in Cyprus (14, p. 15), and again in Egypt (19, p. 130; 11, p. 37). 
Its oecurrenee in Italy is based on a single brief mention by Bagnis (24, 
p. 96), and, although the host is cultivated in different regions of the 
Iberian peninsula, and is subspontaneous in others (6, pp. 281, 377), it is 
uncertain wlietlier or not the rust has been colleeted in Spain. 

Fucerma cartkami has been reported also on*. Carthamus ^ereticus. 
(probably = U. Janaius L.) by Bagnis (24, p. 96); (Maniu^^ (^^Car- 
dmicdlus caendeus (L.) Less.) in Spain (6, p. 378) ; C. glamcus Bieb. at 
Kyrenia, Cyprus, R. M. Nattrass did, May, 1936 (14, p. 15), on the label 

LcncMM-rom I)i\ M, Comack. IMmomon. Alta., Dec. 22, 1942. 
f !*()!» J. A. Stevensoii, Nov. 
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of tlie specimen examined (Myeol. Herb., Ottawa, 12020; ex Herb. Arthur 
F9436) the host is given, however, as C. lanatus L. ; C. lanahis L. at Cano- 
blas N. S. "W. (20, p. 22) ; C. oxyacantJia Bieb. at Kangra, Punjab, India, 

E. J. Butler, May 4, 1905 (21, p. 256), the copy of P. Sydow, Ured. 2116 
in the Arthur Herbarium examined (Myeol. Herb., Ottawa, 12019; ex Herb. 
Arthur F8613 ) ; in the Soviet Union in Azerbaijan: Jebrail, Kirovabad, 
Gheokchay; Turkmeniya: Kopet Dagh (23, p. 372). 

A doubtfully distinct rust, Puccinia kentrophylli Syd., is reported on 
Carthamus lanatus L. {Kentrophyllum lanatum (L.) DC.) in the Soviet 
Union in Turkmeniya: Ashhabad, Kopet Dagh; Tadjikistan: Gorny Zer- 
avshan (23, p. 372) ; Kentrophyllum creticum (probably = Carf/iamtts lana- 
tus L.), and K. syriacum Boiss. (=C. glaucus Bieb.) in Crete (22, 1: 104). 

The host genus Kentrophyllum is no longer considered distinct from 
Carthamus. Accordingly, if Puccmia kentrophylli is to be maintained as 
a species distinct from P. carthami, sound morphological differences are 
required for their separation. To throw some light on this point, the 
descriptions of the 2 species as they are given by the Sydows (22, 1 : 104 
and 35) and Arthur and Mains (2, p. 512) were compared with the rust 
in the 7 collections studied. As a result of the comparison, there appeared 
to be no sound basis for their separation. Sections of the sori disclosed 
uredia, with teliospores entirely absent, and telia, containing at least some 
urediospores. In one small unbroken sorus, several urediospores were pres- 
ent, but teliospores were already beginning to form. It is suggested that the 
possible absence of uredia in the original material, from which P. kentro- 
phylli was described, was due to the collection being scanty or because, 
with the advance of the season, only telia were being formed on the green 
parts of the plant as a result of secondary infection. The telia of P. ken- 
trophylli are given as pulverulent, but remaining covered by the epidermis. 
Generally, the pustules are soon naked, but the ruptured epidermis is 
usually evident, and some sori are still covered. The pedicel of the telio- 
spore in P. kentrophylli is said to be hyaline, slender, up to 50 p in length, 
but deciduous, while the teliospore pedicel in P. carfhami is I'eported to 
be hyaline and very short by the Sydows in contrast to colorless, deli- 
cate, fragile, mostly deciduous by Arthur and Mains. In sections of the 
sori, the pedicel was found to be variable in length and may reach 65 p or 
more. It is very delicate and soon collapses, except for a short portion, 
3-7 p in length, adjacent to the spore. This piece, usually with only a 
small part of the collapsed pedicel adhering, is detached with the spore. 
The basal portions persist, however, after the spores have disappeared and 
are not to be confused with paraphyses, for, in young sori, no free hyaline 
elements are present. Spores in all stages of development, with the younger 
nearer the floor of the sorus, may be seen crowding through them. The 
urediospore pedicels similarly jiersist after the spores have become detached. 
Considerable variability was observed in the size of the teliospores, the pig- 
mentation and markings of the spore wall, etc., from collection to collection, 
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but these charaetei’s did not seem to be correlated in any way. It may be 
noted that the wall of the nrediospore is often thicker at the point of attach- 
ment to the pedicel than elsewhere. In all the collections, 3, or occasionally 
4, equatorial pores are present. Contrary to later observers, but 2 pores are 
reported by the Sydows for P. cartkamL The correctness of their statement 
can only be settled by a re-examination of the older European collections 
available to them. 

A closely related species is Piiccinia cardiincelli Syd. reported on Car- 
dtmcellm caenileiis (L.) Less, in Sicily (22, 1: 33). This rnst was studied 
from a specimen on the above host from Orleansville, Algeria, L. Trabut, 
June 20, 1912 (K. Maire, Myc. Bor.-Africa. 86, copy in Farlow Herb.). 
Only telia were found. The teliospores resemble closely those of P. car- 
thamij but are remarkable for their great variability in size and shape. 
A few urediospores were also located. They were ovate, rather than 
ellipsoid, with two siiperequatorial germ pores placed opposite each other. 
The rust is apparently the same as one described by Malenqon® from speci- 
mens collected on Co/rthamus calviis (Boiss. and Kent.) Bott. at Dayet 
Ahoua (Moyen-Atlas) June 19, and Oujda on June 24, 1936, in Morocco, 
but referred by him to P. carthami. Maire and Werner^ transferred the 
rust to P, carduncelli. There is a suggestion that Boissier and Reuter were 
correct when they originally described the host as Garduncellus cahms. It 
is very probable that the rust reported on Carthamus dianius (= Cardun- 
celltis caendeiis) from Spain (6, p. 377) belongs here rather than in P. car- 
thami, 

OCCURRENCE OF TELIOSPORES OP PUCCINIA CARTHAMI ON SAFFLOWER SEED 

As safflower is a cultivated, rarely adventive plant in several countries 
of the world, including Canada and the United States, the scattered ap- 
pearance of Puccinia carthami in these countries must be due to its chance 
introduction as suggested by the Sydows (22, 1: 36). In Europe, there 
is the possibility that a rust on some native host might have spread to saf- 
flower, but such a possibility seems very remote in North America. It would 
appear more probable that spores carried on the seed might cause infection 
ol the plant. To determine whether spores were present or not on safflower 
seed, 14 samples of seed were obtained from W. G. McGregor, Cereal Divi- 
sion, Centeil Experimental Farm, Ottawa. A test tube was filled with 
about 1 1 inches of seed, water was added to fill about 3 inches of the tube. 
The tube was then shaken vigorously. The washings, about 10 cc., were 
pipetted off and centrifuged. The supernatant liquid was decanted off. 
The sediment was shaken in 2-3 drops of water and poured out on a slide. 
The latter was gently heated to drive off most of the water, 2 drops of lacto- 
]»heriol were added and the slide heated further to elear the spores. 

7 nxaroeeaiiae, II. Rev. Myeol. 1-2: 263. 1936. 

9- Werner. Fungi maroeeani. Catalogue raisonn4 des 

.impignoiiB eonruis jiisquUcj. au Maroe. Mem. 8oe. Sei. Maroe. 45, p. 62, 1937 (1938). 
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TABLE 1. — Occurrence of teliospores of Tuccinia carthami on safflower seed exam- 
ined at Ottawa 


Designation 

Place of 
origin 

Place 

sample 

grown 

Year 

Nimiber 

of 

spores 

Type 1 

India 

Lambeth, Mont. 


0 

Type 7 


C 1 

1 C 1 


0 

Type 14 

Russia 

i ( 

C ( I 


3 

Type 25 

Pusa, India 

c c 

C ( 


0 

G.D. 2651 

United Provinces, 
India 

India 


0 

C.D. 3230 

Hungary 

Brooks, Alta.a 


2,500b 

C.D. 3230 

a 

Ottawa 

1940 

27, 39c 

O.D. 3230 

i ( 

( c 

1941 

0, Oc 

O.D. 3230 

( ( 

c c 

1942 

0, 8, ic 

Type 1 


cc 

1942 

0 

Type 6 

Saratov, Russia 

c c 

1942 

0 

Type 14 


i c 

1942 

0 

Type 25 


( c 

1942 

0 

C.D. 2650 

United Provinces, 
India 

1 c 

1942 

0 


a Seed from D. Demetrovits, Brooks, Alta., April 15, 1940. 

Estimated number. An average of 21 spores was counted in each of 6 low-x^ower 
fields. XJrediospores were also abundant, 
c Duplicate or triplicate examinations. 

As Table 1 shows, the seed received from Brooks, Alta., ivas carrying 
a heavy spore load. It is believed that the original seed was imported 
from Hungary in 1939 and was grown at Brooks the same year. Some rust 
developed in the plots at Ottawa in 1940, with possibly small amounts in 
1941 and 1942. Later, 10 samples of seed grown at Lethbridge, Alta., in 
1942, and furnished by W. D. Hay were examined, but no teliospores that 
could be referred with certainty to P. carthami were seen. 

In addition, 29 samples were examined by Dr. Russell, who used a 
slightly different technique, but his figures may be safely compared with 
mine, if the former are doubled. 


TABLE 2. — Occurrence of teliospores of Puccmia carthami on seed examined at 
SasTcatoon, SasTc, 


Number of 

Place 

Year 

Number of spores 

samples 

grown 

grown 

Range 

Average 

5 

Indian Head 

1941 

12-25 

1 19.2 

5 

Ottawa 

it 

0-1 

. . 0.2 

3 

Lethbridge 

it 

0 

0.0 

3 

Indian Head 

1942 

2-5 

3.3 

9 

Saskatoon 

(variety plots) 1 

(( 

78-233 

137.1 

",'3 ■ ■ 

Saskatoon 
(increase plots) 

it 

0-13 

5.2 

' 1 ■■ 

Sutherland 

i i 

0 

0.0 


The results presented in Table 2 indicate that rust infection was greater 
in the variety plots at Saskatoon than at any other point from which see^d 
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was examined by RnsselL The infection wms known to be light to moderate 
ill these plots in September. By comparison of the spore loads recorded in 
the two tables, it may be inferred that the heaviest infection so far encoun- 
tered occurred at Brooks, Alta. However, when this seed was planted at 
€ttaiva in 1940, it yielded a crop but lightly infected. This fact suggests 
that seasonal conditions play an important part in rust development. If 
the appearance of this rust in Canada is due to infection from spores 
-carried on the seed, it seems probable that the rust reached Ottawa from 
Brooks, and has spread from Ottawa to the other points mentioned. This 
is a reasonable assumption, for the Cereal Division at Ottawa has supplied, 
directly or indirectly, most of the lines under test in Western Canada, both 
to points wdiere rust has been found and also to those where it has not 
been detected. Although the rust has never been reported to be destructive, 
it is impossible to hazard a guess concerning its importance to safflower 
culture until something is known of its epidemiology. Varietal differences 
in rust susceptibility are also to be expected. 

PUCCINIA VERRUCA 

A second, quite different rust occurs on safflower. It forms compact 
telia aggregated into relatively large groups. On safflower it has been re- 
corded only within the boundaries of the Soviet Union (23, p. 33) in fields 
of the plant at Odessa, Rostov, and Omsk. On this host it originally was 
described as Fucdnia jaczewskii Tropova, Journ. of Agric. Research North 
•Caucasus 5 (22) ; 211. fig. 1930 (23, p. 387). Under the name ^^Puccinia 
centatireae/^ Moiirashkinsky (12) reported it as a minor disease of safflo'wer 
at Omsk, where it was very prevalent on Centaurea scahiosa L. Later, 
he (13) showed by morphological studies and cross-inoculation experiments 
that the rust on safflower was identical with Puccinia verruca Thiim. (cfr. 
*22, 1: 42), which is recorded on man^^ species of Centaurea in Europe, 
Asia, and North Africa but does not occur in North America. Accord- 
ingly, Puecmia jaczewskii may be considered a synonym of Puccinia ver- 
nca. It is also quite probable that Puccima sommieriana Sacc. (18, p. 560) 
described on Centrophyllum lanatum (-Garthamus lanatus) from Malta 
is another &jn.Qnjm. A specimen of P. sommieriana on KentrophyUum 
lanatum, obtained at Vias, Herault, France, by De Crozals, June, 1913. 
Comm. P. Hariot (Vesterg, Micr. Rar. Sel. 1719, Herb. Arthur F8261) 
was compared with one of P. verruca on Centaurea napifolia h. (D. Sacc. 
Myc. Ital. 707) and no distinguishing features were observed. 

Puccinia verruca is a microcyelic species. The teliospores are narrow, 
rsmooth, usually thickened at the apex and with a long persistent pedicel. 
Except that the spores were less highly pigmented, they suggest those of 
Puecina asieris Duby, a microcyelic species on Aster, The similarity of 
the two siiecies has already been noted by the Sydows (22, 1 -. 43) . 

The close morphological resemblance between the telia of micro species 
and those of long-cycled heteroeeious species has led to the correlation of 
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the respective species (8). Dietel (4, p. 492) has already pointed out the 
correlation of Pticcima verruca with its III on Gentaurea, and now also on 
Garthamus^ with Pticcinia centaureae-earicis Tranz., which has its II, III 
on Carex and I on Gentaurea. According to Klebahii (9, p. 516) Puccinia 
cent aaireae-car ids was proposed by Tranzschel in 1909 as a collective species. 
Klebahii reduced the Gentaurea-Carex species of Puccinia, which had been 
described up to that time, to the rank of special forms, and united them 
under the above name. However, if the present rules of botanical nomen- 
clature are followed, this rust should be known as Puccinia arenariicola 
Plowr. (Jourii. Linn. Soc. 24: 90. Aug. 20, 1887).® The teliospores of 
Puccinia verruca are in general narrower and less highly colored than 
given for any of the segregates of P. cent aureae-car ids, but they approach 
most closely the dimensions given in the original description of P. temn 
istipes Eostr., as set down by Klebahii (9, p. 518). The Syclows (22, 1 : 43) 
have noted that the teliospores of P. verruca are very variable. 

AECIDIUM CARTHAMI 

The third rust reported on safflower is a rare aecium, Aeddium carthami 
Dietr. (5, p. 284) collected by him at Heimar in Bhstland and reported 
by Eodighin (17) in the Soviet Union in the Saratov district. However, 
Lepik (10) recently examined the specimen issued by Dietrich (Plant, fl. 
bait, crypt. Cent. VIII, No. 20) and reported that A. carthami is an aecium 
on an unidentifiable host plant. According to Curator K. Bichvald, the 
host may be a species of Gentaurea, but under no circumstances is it Car- 
thamus tinctorius. Even if Aeddium carthami was founded on an error, 
there is no reason to doubt that Eodighin collected an aecium on safflower. 
Tranzschel (23, p. 382) suggests such an aecium is possibly the result of 
infection by Puccinia centaureae-carads. This seems a reasonable sug- 
gestion, as the correlated microcyclic species, P. verruca, has been shown to 
occur on Carthamus. Finally, it should be noted that Oudemans (15, 
4: 1058) is quite incorrect in listing Aeddium carthami as a synonym of 
Puccinia carthami; particularly, as this error appears again in the abstract 
of Eodighin ’s paper in the Eeview of Applied Mycology (17), where the 
name is •written [PMcdnia] carthami 

' SUMMARY 

1. The rusts, Puccinia carthami, P. verruca wad Aec%dmm carthami, 
have been reported on safflow^er. 

2. Puccinia carthami is reported for the first time in Canada. It was 
collected at Morden, Man., and Saskatoon, Sask., in 1942. 

3. The rust probably occurred at other points in Canada, as teliospores 
of the rust were found on seed samples from these points. 

4:. Puccma hentrophylU, which has been reported on some species of 
Carthamus, is not considered to be distinct from P. carthami. On the other 

» Gfr. Barnliart, J. S, Bibliograpliy. N. Am. Flora 7 : 1083, 1940. 
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liand, P. cardimcelli is apparently a well-defined species, which has been 
reported on Cardimcellus caeruleus and Garthamus calviis. 
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tomato SEED TREATMENTS IN RELATION TO CONTROL 
OF ALTERNARIA SOLANP 

W. D. Moore, H. Eex Thomas, and Edward K. Vaughan 
(Accepted for publication February 16, 1943) 

INTRODUCTIOKT 

The area in the South devoted to growing tomato seedlings for the com- 
mercial trade has increased from an initial small acreage about 20 years 
ago to a total of approximately 8000 acres in 1942. The major portion of this 
acreage is located in southern Georgia, although important plantings are 
made in Florida, Mississippi, Tennessee, and Arkansas. Occasional serious 
losses from epiphytotics of both fungus and bacterial diseases have been one 
of the most serious handicaps that have confronted this expanding industry. 
Of the several maladies affecting tomato seedlings in the South, the one 
caused by Alternaria solani (Ell. and Mart.) Jones and Grout is the most 
common and, in the majority of instances, the most destructive. The losses 
caused by this organism result partly from damage to and a limited mortal- 
ity of seedlings in the plant bed immediately after germination but, more 
commonly, from foliage and stem infections that cause poor stands and 
weakened plants in the commercial fields following transplanting. Since 
some part of all nontreated commercial tomato seed is known to carry a 
limited amount of Alternaria solani inoculum, the value of seed treatment 
as a means of control for this disease is of considerable economic interest. 



REVIEW OF LITERATURE 

Bichloride of mercury has long been recognized as a safe and effective 
chemical for the treatment of many kinds of vegetable seed, including that 
of the tomato. While this material is an excellent surface disinfectant, it 
has the disadvantage of leaving the seed open to recontamination after treat- 
ment (11). This is of particular importance where treated seeds are dried 
in rooms in which the air is apt to be loaded with parasitic organisms. Sam- 
son (12) and Vaughan^ have shown that some of the organic mercury 
compounds have sterilizing potentialities equally as high as bichloride of 
mercury and, in addition, leave a residue of the active disinfectant material 
on the seed coat, which protects it against subsequent recontamination. Ex- 
tensive tests are reported by Clayton (1, 2), Horsfall (3, 4, 5), and Moore 
et al (9) in which these and other materials were employed as seed treat- 
ments on various vegetable seeds. Aside from that portion of the damping- 

1 Conducted as a phase of cooperative investigations between the Division of Fruit and 

Vegetable Crops and Diseases, Bureau of Plant Industry, IT. S. Dept, of Agriculture and 
the Department of Botany, Indiana Agrieultnral Experiment Station; the New Jersey 
Agricultural Experiment Station; the Georgia Coastal Plain Experiment Station; the 
Georgia Agricultural Exj)eriment Station; and the Georgia State Department of Ento- 
mology. ■ 

2 Vaughan, E. E. The use of ethyl mercury phosphate for treating tomato seed in 
New Jersey. 
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off tliat may have been caused by Alternaria solani, no reference is made in 
mij of these reports to the control of the disease on tomato seedlings at later 
stages of growth. That snch treatments, however, may be beneficial in the 
control of this fungus in seedling fields is suggested by Miller (7), Miller 
and Crosier (8), and Van Haltern (15, 16). 

Pew if any workers have doubted the possibility of tomato seed being 
the source of considerable dissemination of Alternaria solani. Massie (6) 
demonstrated this as early as 1914. However, the fact that in the Soiith^ 
well-isolated fields of new soil, when planted to seed known to be thoroughly 
disinfected, have frequently shown infections by Alternaria raised 

several questions not previously explained. Since a limited amount of the 
organism has been found internally in some lots of tomato seed, it has been 
suggested that this would account for the presence of the disease in fields 
of virgin soil planted with properlj^ disinfected seed. Following some care- 
fully conducted experiments on this phase of the seed problem, Samson (12) 
reports: ^^it appears unlikely that commercial seed may include any signifi- 
cant proportion internally infected with Macrosporium solani.^’ Later 
work by Samson, Nugent, and Shenberger (14) further verifies this conclu- 
sion. In approaching the whole problem of Alternaria solani control, 
whether by seed treatment or other means, a consideration of an existing 
widespread dissemination of this organism in the soil throughout the plant 
producing area of the South is of considerable importance. Significant 
evidence in support of this premise is given in another report by the writers.'^ 
That widespread dissemination of this organism occurs in other areas is indi- 
cated by Samson and Thomas (13) who report that ‘‘early Might fungus is 
widespread, occurring naturally in all parts of Indiana, and is undoubtedly 
present on all forms, regardless of previous tomato crops.’’ In order to 
secure additional information on the seed-treatment problem, in so far as it 
applies to the tomato-seedling industry in the South, a series of experiments 
was undertaken in 1937 and continued, with the exception of 1940, through 
the season of 1942. Some tests also were conducted in Indiana and New 
Jersey. 

PROCEDURE 

Commercial lots of noiitreated tomato seed, known to be infected with 
Alternaria solani^ were used in all experiments. All chemicals used for 
treatments were tested in preliminary laboratory and greenhouse tests to 
study their disinfectant properties and subsequent influence on germina- 
tion. Effectiveness against both bacteria and fungi was determined by 
plating samples of treated and nonti^eated seed on potato-dextrose agar and 
incubating tor 5 days at 25° 0. After thus investigating many possible 
seed-treatment materials, 9 were chosen for critical tests under fi^eld condi- 

/ tl. Hex Thomas, ami B, K. Vaughan, Aerial dissemination of the 

Alternana tsolarn spores, and its possible influence upon field infection of tomato seedlings. 
(Unpublished nuinuseript.) 
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tions. As it became evident that certain treatments were relatively ineffec- 
tive or undesirable, this number was further lowered from season to season. 
In 1942 only such treatments were applied as apparently gave 100 per cent 
surface sterilization of the seed, hence the noiitreated check lots were the 
only seeds that carried surface contamination. 

The experimental plots were located each season on land known to have 
been free of solanaceous crops for 10 years or more and also were -well- 
isolated from such crops during the period of the experiments. A Latin- 
square design was used in all experiments, except those of 1942. The 
individual plot rows were 16 inches apart and 50 feet in length. The seeding 
rate was 20 seeds per foot. In 1942, the treatments were planted in blocks 
20 feet X 22 feet, 14 rows per block, with separation alleys 20 feet -wide 
betw^een blocks. All treatments in this expeiument were replicated 3 times. 
Fertilizer applications, depth of planting, and cultivation conformed to local 
commercial practice. Germination readings were made as soon as a com- 
mereially satisfactory stand was shown by one or more of the several treat- 
ments. Disease readings w^ere confined to one observation, this being taken 
as soon as the plants reached the commercial shipping size of 6 to 10 inches 
high. In all eases this size was attained within 40 to 55 days after seeding. 
Initial leaf-spot infection was evidenced by small, dark-browm spots on the 
lower leaves, while stem canker appeared as small, irregular, dark-colored 
lesions along the main stems and leaf petioles. When the plants reached 
the shipping size, random samples of 50 were pulled from each replicate of 
the several treatments and the number of plants showing infection noted. 
At the same time, the total number of stem cankers per replicate was re- 
corded. In the 1942 experiment all plants of shipping size ware pulled on 
all plots when leaf spot first appeared. 


INFLUENCE OP SEED TREATMENT ON GERMINATION 

One of the most important considerations in selecting any seed-treatment 
material is its effect upon germination. It is particularly important to con- 
sider this in connection wdth Southern tomato plant production, since the 
seeds are planted during early spring when the waather may vary from cold 
rains to warm drying winds. A seed-treatment material that has a mark- 
edly retarding effect upon germination under either of these conditions is 
undesirable, regardless of its effectiveness in other respects. In table 1 are 
data showing the influence of several treatments, replicated 6 times, on seed 
germination when planted in sand in the greenhouse during periods of high 
temperature and medium humidity. Under these conditions it appears that 
no treatment increased stands significantly, wdiile marked and significant 
decreases w^ere shown in several instances. This was particularly true where 
eombinations of both liquid and dust treatments were used. While the soil 
and air conditions during the course of these tests were admittedly not com- 
parable to average field conditions during the spring months, the reaction 





Phytopathology 


TABLE 1, — The influence of tomato seed treatments on stands in greenhouse 
merits conducted at New Brunswiclc, N. J,, 1B41 


^5% ethyl mercury phosphate. 

^ Cuprous oxide. 

of tlie various treated seed lots is of considerable value in interpreting other 
data collected during the course of these studies. 

Field data for the same treatments in trials conducted in Georgia, New 
Jersey, and Indiana during 1941 are shown in table 2. Painfall and tein- 

TABLE 2. — The influence of tomato seed treatments on stands in field experiments 
conducted during 1341 at Tifton, Ga., Lafayette, Ind., and Biverton, N. J. 


Mean stand per plot 


Number 


Treatments 


Nontreated check . . 

HgCb (1-3000) for 10 min 

Hot water, 55° C. for 10 min 

New Improved Ceresan (1-1200) for 5 min 

1% ethyl mercury tartrate (1-100) for 5 min. 

Malachite green (1-2000) for 5 min 

New Improved Ceresan (1-1200) for 5 min. 

plus Cuprocide dust 

Ciiproelde dust 

New Improved Ceresan (1-1200) for 5 min. 
plus Vaseo-4 dust 

Bequired difference for significance 


60.0 

Not sig- 
nificant’ 


®F=;0.41, Bequired value at 5% = 2,52. 

peratures in Georgia and Indiana were sufficient for germination, whereas in 
New Jersey, rain was heavy and temperatures comparatively low. Accord- 
ingly, only a few treatments suppressed germination significantly below 
the nontreated cheek, and several appreciably increased stands. Other ger- 
mination data of a similar nature collected in seasons of light rainfall and 
moderate temperature are given in tables 4, 5, and 6. In the New Jersey 
experiment of 1941 the seed lots were planted in soils that were fairly cold 


Number 

Treatments 

^ i 

Mean stands 

Exp. 
No. 1 

Exp. 
No. 2 

1 

Nontreated check 

40.3 

41,8 

2 

HgCL (1-3000) for 10 min 

15.1 

36.1 

3 

Hot water, 55° C. for 10 min 

43.1 

44.8 

4 

New Improved Ceresan’^ (1-1200) for 5 min 

25.1 

36.8 

5 

1% ethyl mercury tartrate (1-100) for 5 min 

24.8 

34.1 

6 

Malachite green (1-2000) for 5 min 

28.1 

36.1 

7 

New Improved Ceresan’^ (1-1200) for 5 min. + Cuprocide 




dust 

15.0 

27.8 

8 

Cuprocide dust^ 

26.5 

3S.3 

9 

New Improved CeresaiF (1-1200) for 5 min. -f Vasco^ 




dust 

21.8 

36.3 


Bequired difference for significance 

8.2 

8.6 
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and wet. From the data presented it is apparent that under those conditions 
seed treatments increased germination significantly in several instances. 
That such reactions may be associated with cold, rainy seasons is suggested 
by additional stand data (table 3) taken in Georgia in 1937, when the soil 
was cool and moist during the period of germination. 


TABLE 3. — The influence of tomato seed treatments on stands and on the control 
of Alternaria solani leaf -spot infection at Tifton, Ga., in 19S7 





! Meannum- 

Number 

Treatments 

Mean stand 
per plot 

her leaf 
spots per 
plot sam- 




pie"" 

1 

Nontreated cheek 

47.3 

57.3 

2 

Acidulated HgCL (1—3000) for 5 min 

60.4 

53.3 

3 

HgCb (1-3000) for 5 min 

62.3 

41.1 

4 

Pormaldehyde (1-200 at 120° F.) for 5 min. 

50.8 

53.3 

5 

Hot water, 55° 0. for 10 min 

Sodium hypochlorite (1-10) for 5 min 

55.2 

50.7 

6 

50.9 

43.4 

7 

Semesan Jr. (1-160) for 5 min 

77.2 

49.7 

8 

New Improved Ceresan (1-800) for 5 min. 

76.4 

42.1 

9 ! 

5% ethyl mercury iodide (1-800) for 5 min 

61.6 

46.0 

10 

1% ethyl mercury tartrate (1-160) for 5 min. ... 

72.7 

40.3 


Eequired difference for significance 

16.6 

Not sig- 
nificant*’ 


‘‘No stem cankers. 

^ P = 1.77. Eequired value at 5% = 2.00. 


TABLE 4. — The influence of tomato seed treatment on stands and on the control of 
Alternaria solani leaf -spot and stem-canher infections at Tifton, Ga., in 1938 


Number 

Treatments 

Mean stand 
per plot 

Mean num- 
ber leaf 
spots per 
plot sam- 
ple 

Mean num- 
ber stem 
cankers per 
plot sam- 
ple 

1 

Untreated check 

117.0 

67.3 

36.0 

2 

HgCL (1-3000) for 10 min 

72.5 

82.8 

21.4 

3 

Hot water, 55° C, for 10 min 

101.8 

80.9 

33.1 

4 

New Improved Ceresan (1-1200) 
for 5 min 

75.3 

82.0 

25.2 

5 

1% ethyl mercury tartrate (1-100) 
for 5 min 

100.2 

87.1 

27.7 

6 

Malachite green (1-200) for 5 min. 

76.1 

72.4 

34.0 

7 

New Improved Ceresan (1-1200) 
for 5 min. plus Cuprocide dust i 

83.1 

79.8 

29.6 

8 

Cuprocide dust 

97.6 

77.9 

26.9 

9 

New Improved Ceresan (1-1200) 
for 5 min. plus Va8co-4 dust 

56.0 

78.0 

17.5 


Eequired difference for significance 

4.0 

Not sig- 

Not sig- 




nificant® 

nificant*’ 


P = 1.3. Eequired value at 5% = 2.07. 
PA 1.0. Eequired value at 5% =2.07. 


INPIiXJENCE OF SEED TREATMENT ON LEAF SPOT AND STEM CANKER 

Since the development of AMermria solani in either the leaf-spot or the 
stem-canker stage is markedly limited by the prevailing Iramidity (10), 
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wide variation in amount of disease may be expected from one season to 
anotlier. This was true in the present investigation, where the disease was 
entirely absent in one season, was present in only the leaf spot stage in two, 
and caused both leaf spot and stem canker in the others. Due to such varia- 
tion in seasonal disease development, it was necessary to continue the work 


TABLE 5 . — The iniluence of tomato seed treatment on stands aiid on the control of 
Alternaria solani stem-canker infection at Lafayette, Ind., in 1938 


Number 

Treatments 

Mean 

stand 

per 

plot 

Mean number 
stem cankers 
per plot 
sample 

1 

Nontreated check 

49.2 

2.1 

2 

1 HgClo (1-3000) for 10 min 

45.0 

2.0 

3 

Hot water, 55*=* C. for 10 min 

46.6 

0.8 

4 

New Improved Ceresan (1-1200) for 5 min. 

51.0 

0.9 

5 

1% ethyl mercury tartrate (1—100) for 5 min 

43.8 

1.4 

6 

Malachite green (1-2000) for 5 min 

41.6 

1.8 

7 

New Improved Ceresan (1-1200) for 5 min. 




+ Gui)roeide dust 

55.8 

1.4 

8 

Cuprocide dust 

52.8 

1.9 

9 

New' Improved Ceresan (1-1200) for 5 min. 




+ Vasco -4 dust 

52.0 

1.9 


Bequired difference for significance 

6.0 

Not sig* 




nificantii 


SI E = 1.3. Bequired value at 5% = 1.99. 


over a period of 6 years in order to collect sufficient data to warrant definite 
conclusions as to the value of the seed treatments for control of Alternaria 
solani From the leaf -spot and stem-canker data presented in tables 3, 4, 
5, 6, and 7, it is apparent that in only one instance (1939), was infection by 


TABLE 6 . — The influence of tomato seed treatment on stand and on the control of 
Alternaria sola^ii leaf spot at Tift on, Ga,, in 1989 


Number 

Treatments 

1 

I Mean 
stand 
i per 
plot 

Mean number 
leaf spots 
per plot 
sample 

1 

HgCl. (1-aOOO) for 10 min 

242.4 

37.2 

■ 2 ■ 1 

New Improved Ceresan (1-1200) for 5 min 

238.0 

31.6 

3 

New Improved Ceresan (1-1200) for 5 min. 

+ Cuprocide dust 

187.0 

22,4 

4 

New^ Improved Ceresan (1-1200) for 5 min. 

+ Vaseo-4 dust 

243.0 

30.4 

5 

Check 

346.0 

40.4 


Bequired difference for significance 

8.3 

11.0 

1 


Alternaria solani reduced significantly by seed treatments. In this instance 
(treatment 3, table 6) germination was delayed. Consequently, the less 
advanced age and maturity of the plants appeared to be the determining 
factor rather than the surface sterilization of the seed. This relationship 
of seedling age to infection by A Henmm solani has been demonstrated 
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TABLE 7. — The influence of tomato seed treatments on the control of Alternaria 
solani leaf -spot infection at Tifton, Ga., in 1942 


Number 

Treatments 

Mean number 
leaf spots 
per plot 
sample 

1 

Nontreated cheek 

77.4 

2 

HgCl, (1-3000) for 10 min 

80.6 

3 

New Improved Ceresan (1-1200) for 5 min 

81.5 

4 

Malachite green (1-2000) for 5 min 

80.6 

5 

New Improved Ceresan (1-1200) x>lus Giiproeide dust 

84.1 

Not sig- 
nifieant*^ 


a F = 0.22. Bequired value at 5% =2.82. 


under southern field conditions in other experiments by two of the writers."^ 

In nearly all instances, the amount of infection increased with the increasing* 
age of the seedlings. 

DISCUSSION 

The influence of tomato-seed treatments on germination and subsequent 
stands apparently is determined by prevailing weather conditions. During 
periods of medium to high, temperature and moderate to low rainfall the 
liquid organic mercury treatments and the copper dust treatments have a 
tendency to depress germination to a point somewhat lower than that of the 
nontreated seed. During periods of cool wet weather, however, significant I 

increases in stands occurred after both the liquid and the dust treatments. j 

While there were instances w^here field stands were reduced by certain treat- 
ments, the reductions in most cases w^ere not of appreciable importance under 
the conditions encountered by the writers. Since significant increases were 
had during cool wet seasons, the practice of seed treatment, if only for pro- 
tection against damping-olf, is highly advisable. 

The failure of seed treatments to control Alternaria solani on tomato 
seedlings in the field, under the conditions of these experiments, is due appar- 
ently to a wide occurrence of the organism in the soil throughout the plant 
growing area and not to a lack of thorough surface sterilization of the seed. 

With a combined annual seedling and market tomato planting of 12,000 to 
16,000 acres in southern Georgia, there is ample opportunity for wide dis- 
tribution of inoculum. Even though there are available several materials 
that will effectively disinfect tomato seed, there is likely to be a sufficient 
amount of inoculum already present in all commercial fields, whether old 
or new, to insure heavy infection under proper weather conditions.*’^ This > 

apparently precludes the possibility of a general control of this disease by 
means of seed treatment alone. While the results of these experiments are 
not in agreement with the findings of some other investigators (7, 8, 14, 15 ) , . 

4 Moore, W. 1)., aiid H, Bex Some emtural practkes that hi 

develoimient of. Alternaria solariL (HBimblished niamiseript.) 

See footnote 3. I 
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the diiferences in results appear to be due to differences in circumstances 
or prevailing conditions rather than in crop technique. In areas outside of 
the tomato-growing district of Georgia the present data may not apply. 
Within the restricted commercial areas, however, the above findings have 
been further verified as to commercial practice from the plant certification 
records of the Georgia Department of Entomology. Prom hundreds of 
cases over a period of 3 years, wherein records were made of seed infection, 
crop history of the fields, spraying, and disease incidence, no consistent dif- 
ferences were observed in Alter'naria solani infection between fields planted 
with treated seed and those planted to nontreated seed. The lack of control 
of this particular organism in these experiments, however, does not minimize 
the importance of seed treatment to the tomato-plant industry. The neces- 
sity for control of 'bacierial leaf spot and protection against damping-off 
fully justifies the practice. 

SUMMARY 

Both liquid and dust seed treatments have a tendency to retard tomato 
seed germination during periods of high temperatures and medium to low 
rainfall. During the tw^o seasons of cool wet weather experienced in the 
course of this research, final germination was improved significantly by the 
organic mercury treatments. Bichloride of mercury also gave significant 
improvement in one of these seasons, and malachite green and Cuprocide 
dust showed effectiveness during the one season in which they were included. 

With the exception of one treatment (Ceresan plus Cuprocide) in 1939, 
seed treatments did not reduce AUermria solani leaf spot or stem canker 
significantly in experiments conducted in four different years. Since the 
treatment mentioned caused no reduction in infection when tested in other 
years, it appears that the treatments here described are not likely to greatly 
reduce the amount of Alternaria solani infection in the tomato-plant-grow- 
ing sections of southern Georgia. 

Agricultural Experiment Station, 

Tifton, Ga. 
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OBSERVATIONS ON THE BACTERIAL CROWN, STEM, AND 
BUD ROT OP DELPHINIUM 

Stephen W i l h e l m i 
(Accepted for publication January 31, 1943) 

The stem and bud rot caused by Et^winia phytopliihora (Appel) Comm. 
S. A. B. has been destructive for several years in commercial and garden 
plantings of rocket larkspur {Delphinium ajacis L.) in California (1). 
Also, it frequently has caused serious losses in plantings of perennial del- 
phinimum, producing a crown rot of the type illustrated by Blodgett (2). 
On either of these hosts the disease may under favorable environmental 
conditions assume epidemic proportions. Opportunity has been afforded 
during the last 3 years for observations of conditions favoring this disease. 
Because production of larkspur seed has been increased to supply medicinal 
needs of the armed forces, these observations are presented at this time. 

The symptoms of this disease have been adequately described for peren- 
nial delphinium (2, 7) and larkspur (1, 4) and are not, therefore, dis- 
cussed in this paper. 

Excessively wet soil greatly increases the injury to infected plants and 
facilitates spread of the bacteria, as observations in June, 1942, in Santa 
Barbara County clearly showed. In one seed field of rocket larkspur, in 
which the lower third of the planting had been watered unintentionally by 
irrigation waste from an adjoining field at the time the flower buds were 
forming, 20 per cent of the plants in the wet area were infected (sample of 
400 counted). No infected plants were found in the rest of the planting 
in which the soil was dry and hard. In another such field, irrigated a few 
days before, the lower ends of the rows had been flooded and were much 
wetter than the rest of the field. In the flooded area 59.5 per cent of the 
plants were infected (sample of 242 counted) and in the irrigated, but rela- 
tively drier portion, 7.4 per cent were infected (sample of 446 counted). In 
a third field of larkspur a low area, adjacent to an irrigation standpipe, had 
no plants in the center, nearly all plants diseased at the margin, and only 
an occasional diseased plant in the surrounding field (Fig. 1). These ob- 
servataions agree with those on blackleg of potato caused by the same 
organism (6). 

Similarly, the incidence of bacterial crown rot in perennial-delphinium 
plantings is greatly increased by excessively wet conditions. An experi- 
mental planting that had been watered by overhead sprinklers, when ob- 
served in West Los Angeles in June, 1940, was so severely injured that 
several types were totally destroyed. As soon as such watering was digcon- 
tinued the losses sharply declined. In the same year a nearby commercial 
planting of perennial delphinium suffered similar losses, being heavily irri- 

. ^ The writer is grateful to K. JF. Baker for direction, advice, and kind criticism re- 
ceived in the preparation of the manuscript. 

806 


1943] 


Wilhelm : Bacterial Rot op Delphinium 


807 





gated in furrows at rather frequent intervals. Only mild losses have been 
sustained in both the experimental and commercial plantings in the 2 years 
since, probably because the irrigation has been kept to an absolute minimum, 
particularly after elongation of the flower spike begins. Observations 
during the same period in other nearby plantings where irrigation was not 
regulated and where serious losses from this disease occurred, indicated that 
these seasons were favorable to the disease. In Southern California it is 
usually necessary to irrigate perennial delphinium in order to obtain maxi- 
mum growth. It is possible to irrigate with only negligible losses by making 
the furrows some distance from the rows and having the crowns of the 
plants on low ridges. 


Fig. 1. Part of a field planting of rocket larkspur that had been flooded from a 
nearby irrigation standpipe, showing the increased severity of the disease resulting from 
excess water. Photographed June 16, 1942. 


The cracking of the stems of perennial delphinium at or near the soil 
level appears particularly to predispose them to infection. Such cracks are 
illustrated by Blodgett (2). Since these cracks appear at the time the flower 
spike begins to elongate, this developmental stage may be regarded as the 
critical period for this disease. This is also true for rocket larkspur (1). 
Observations indicate that fluctuating conditions of soil moisture and per- 
haps temperature aggravate this apparently natural cracking. Under wet, 
poorly aerated conditions such cracks do not heal, and may serve as open 
avenues of infection. These observations are in general agreement with 
those on the healing of cut seed-pieces in relation to potato blackleg (6). 
Leonian (7) states that young delphiniums may be planted successfully in 
the spots where old, diseased plants died. Since stem cracking occurs in late 
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stages of growth, the escape of young plants is perhaps to be expected. How- 
ever, such replanting would hardly seem an advisable garden practice. 

The disease has been consistently most damaging in the summer months, 
and is regarded by investigators .(2, 5, 7) and growers as favored by warm 
weather. While this seems to be a correct generalization, it should be recorded 
that losses can be severe during winter months. In February, 1941, after 
several months of heavy rain, practically all of the abundant volunteer lark- 
spur plants in a field in Santa Barbara County were found infected and 
many killed. 

Observations show that soil carry-over may greatly increase the incidence 
of the disease. In 1942, a strip 45 yards wide along one end of a field of 


Pig. 2. Field planting of rocket larkspur variety Super Majestic Bose, showing in 
the foreground the area which had been planted to larkspur the previous season and in 
the background the area not previously planted to this crop. Photographed June 16 , 1942 . 


rocket larkspur extended into an area in which the same plant had been 
gvown the previous year. The plants occurring in this strip showed a high 
incidence of disease, the line of demarcation separating the diseased plants 
from the healthy coinciding closely with the margin of the overlap. In the 
overlapped planting, Larkspur var. Blue Spire showed 58.0 per cent, diseased 
plants. Lustrous Carmine in one block 54.0 per cent and in another 92.8 
per cent, Los Angeles 71.7 per cent, and Super Majestic Bose 93.6 per cent 
(Fig. 2). In all varieties the plants counted as healthy were badly wind 
beaten or broken over, so that from the standpoint of seed production the 
a-rea was practically a total loss. In the clean planting there was little or 
no evidence of the disease. The causal organism apparently is able to live 
over in soil with a high degree of infectivity from one planting cycle to 
the next, a period of at least 6 months. From the standpoint of field control. 
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therefore, it would be a wise precaution to practice a crop rotation of at least 
1 year and preferably 2. However, it should be pointed out that in some 
cases the disease incidence may be high in plantings where delphiniums have 
never previously been grown. In the experimental planting of perennial 
delphiniums mentioned above, the young plants were grown in pasteurized 
soil and transplanted into a field which had not been cultivated for at least 
10 years and which apparently had never before been planted to del- 
phiniums. All plants of a number of varieties were killed. Similar experi- 
ences are reported by Blodgett (2). 

The hot- water treatment of rocket larkspur seed that has been recom- 
mended (1) for this disease might reasonably be effective through reduction 
of inoculum potential, but evidence on this point in commercial seed fields 
is somewhat conflicting. It is expected that it would be more effective on 
soils of low than of high inoculum potential. 

The observations reported above indicate that two variable factors, soil 
moisture and inoculum potential, may determine the incidence of this disease 
in the field during the summer months. Under conditions of low inoculum 
potential no disease or only slight losses occur under conditions of low soil 
moisture but severe losses may occur, though tardily, if the soil be water- 
logged,- this situation is illustrated in figure 1. Under conditions of high 
inoculum potential, prompt, heavy losses result if the soil receives more than 
a minimum of water, but the same amount of water may be applied safely 
to soil of low inoculum potential j this condition is illustrated in figure 2. 
Soils of heavy inoculum potential have been successfully utilized for peren- 
nial delphinium by applying a minimum of water at a distance from the 
crowns. It is also in the interest of maintaining a low inoculum potential 
in the soil to avoid over irrigation. 

Because commercial seed plantings in California are made before or 
during the rainy season it is not always possible to control the factor of 
soil moisture, and crop rotation must be practiced. In California home gar- 
dens it is customary to plant seedlings of rocket larkspur rather than seed 
and planting may, therefore, be delayed until the moisture factor may be 
effectively controlled. Rotation, while desirable, may not in such eases be 
imperative. Seedlings of perennial delphinium transplanted to infested 
soil in early spring may be successfully grown through the first season by 
careful attention to watering; they are generally not grown for a second 
season in California because of the high percentage of aster yellows that 
appears. Application of Bordeaux mixture (4, 9) and mercuric chloride 
(9) around the crowns of delphiniums has been suggested for control of this 
disease but has not been tested in California. 

With rocket larkspur the black stem streaking, characteristic of diseased 
plants, often does not extend down to soil level, suggesting transmission of 
the disease through some aerial agency. Seed transmission and subsequent 
splashing of bacterial exudate from plant to plant during foggy or wet 
windy weather are possible explanations, but insect vectors may be involved 
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(1). Slugs have also been suggested (9) as carriers of the bacteria. 
Trogoderma beetles were found associated with the bacterial exudate from 
stems of perennial delphinium in Idaho (2). Greenhouse tests have shown 
that when mature parts of rocket larkspur plants are sprayed with a bac- 
terial suspension, they do not develop symptoms, infections occurring only 
in the growing apices and developing buds after an incubation period of 
about 1 week. These results agree with the observations of Chester (3) on 
the nonoccurrence of stomatal infection. Plants hypodermically inoculated 
at the base, however, may be totally destroyed within 30 hours. 

Delphiniums have been noted to differ considerably in susceptibility to 
the bacterial stem and bud rot. Varieties of rocket larkspur that have been 
particularly susceptible in field plantings are : The Dazzler, Miss California, 
Lilac King, Stock Flowered Dark Blue, Blue Bell, Super Majestic Eose, 
Lustrous Carmine, and Los Angeles. Of the perennial delphiniums,^ the 
Belladonna group, represented by the varieties Belladonna, Bellamosum, 
and Lamartinii, is highly susceptible under field conditions, the infection 
often occurring high on the stem. Of the Delphinium elatum L. group, the 
large candelabrum types listed as Pacific Giant Hybrids, the English 
(Wrexham) hollyhock strain, and the Blackmore and Langdon strains, are 
all susceptible. The Grandiflorum group, including the varieties listed as 
P. chinensis Hort. and the spurless types listed in the trade as D. cinereum 
Hort. and D. tatsienense Hort., all appear under field conditions to be highly 
resistant. Of California native delphiniums, D. cardinale Hook., Z>. hes- 
peritiM Gray, D. parryi Gray, and D. scopulorurn ysly. glaucum Gray, have 
been noted as being very susceptible under garden conditions. Varietal dif- 
ferences in susceptibility of perennial delphinium were also noted by 
Blodgett (2) but details were not reported. 

SUMMABY 

The bacterial crown rot of perennial delphinium and the stem and 
bud rot of rocket larkspur, caused by Erwinia phytophthora, are strongly 
favored by excessive soil moisture. It is possible to greatly reduce losses 
from these diseases by application of a minimum of water by means of fur- 
rows at a distance from the rows, and by planting on low ridges. Particular 
care in irrigation is necessary after the flower spikes begin to elongate. 

The bacteria are able to live over in soil in a high degree of infectivity 
at least from one planting cycle to the next and crop rotation is, therefore, 
advisable in the commercial production of seed and, where possible, in orna- 
mental plantings. The disease may become destructive on soils of low 
inoculum potential if the soil is saturated with water; in the interest of 
maintaining a state of low infectivity in soil excessive irrigation should be 
avoided. 

2 Information on the perennial types was kindly supplied by G-. A. L. Mehlquist. The 
taxonomic arrangement followed is that of Mehlquist, Blodgett, and Bruseia (8) . 
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While the disease definitely is worse on both hosts in the summer months 
it may become destructive during the winter. 

The time of flower-spike elongation is the critical period for this disease 
in the life of both types of delphinium. This seems to be correlated with 
the appearance of deep cracks in the stem bases. 

Varietal differences in susceptibility to this disease have been noted in 
both rocket larkspur and perennial delphinium. 

Division of Plant Pathology, 

University op California, 

Los Angeles, California. 
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ARMILLARIA ROOT ROT OF FRUIT TREES IN THE 
EASTERN UNITED STATES 

J.S. Cooley 

(Accepted for publication March 5, 1943) 

When the writer began work on the problem of root rot of deciduous 
fruit trees in 1931, Armillaria root rot w^as included in the project. The 
world-wide distribution of this disease and its importance in the western 
part of this country made it seem desirable to ascertain to what extent it is 
responsible for the loss of peach trees in the eastern part of this country. 
Armillaria was known to be present in the Sand-hill region of North Caro- 
lina and adjacent States, where heavy losses from root diseases of peaches 
occurred. 

This paper reports a study of Armillaria root rot, giving the results of 
field surveys on distribution and severity, also results of inoculation experi- 
ments wdth peaches, apples, and pears, carried out in Virginia, Maryland, 
and replanting experiments with peaches in North Carolina. 

REVIEW OF LITERATURE 

Very early in the history of plant pathology, Armillaria was recognized 
by Hartig (4) in Germany as causing a root disease. Since that time it has 
been reported from many regions widely separated over the world, and many 
papers have appeared dealing with the disease. Wallace (8) states that 
close to 200 host plants for this pathogen have been recorded in the litera- 
ture. 

The extent of the literature on this disease is shown by Reitsma (6) who 
lists 494 citations, and more have appeared since the publication of his paper 
in 1932. 

Various workers on this disease have reported widely divergent views on 
the virulence of its pathogenicity. Many w^orkers have considered Armil- 
laria an active parasite. Hendrickson (5) states, with reference to prunes, 
that the vigor of an individual tree is without effect on resistance to the dis- 
ease. 

Some of the workers, particularly the more recent ones, hold a different 
view concerning the parasitism of Armillaria. Reitsma (6) states : ‘'It is a 
facultative parasite with properties of a perthophyte. ’ ’ 

Day (3) states that Armillaria is a secondary parasite on the oak, spruce, 
and fir, with such predisposing factors as mildew on the oak and drought 
and sun-scorch on the fir and spruce. He reports a Corsican pine affected 
by the fungus but showing no evidence of serious injury so long as it occu- 
pied a dominant forest position. After losing its dominance by growth of 
.younger trees, this tree was rapidly invaded and killed by Armillaria. 

Hutler (1) reports that collar crack of tea bush in Africa, caused by 
Armillaria, results in serious loss only after the soil becomes infertile from 
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erosion. Dade (2) reports that this disease on the cacao in Africa is epi- 
demic only on soil of excessively high moisture content. 

This diversity of opinion concerning the pathogenicity of this fungus 
may be due to an extreme variation in strains of the organism or it may be 
due to differences in environmental conditions favoring or retarding the 
resistance of the host. Although it is not possible to separate the host and 
parasite in their relationships to environment, the observations and experi- 
ments reported in this paper indicate that unfavorable environment for the 
peach as host is especially important in inducing susceptibility. 

SYMPTOMS OP ARMILLARIA ON PEACH AND OTHER STONE-PRUIT TREES 

The leaves of trees affected by the Armillaria disease roll along the mid- 
rib, and have a wilted appearance. Because the internodes are much short- 
ened and growth is greatly retarded, the trees have a stunted appearance. 
In the later stages the limbs on the same side as the affected roots almost 
cease growth, are a light green, or may die. 

This disease, like other root disturbances, cannot be positively identified 
by the visible symptoms on the above-ground parts, for the symptoms on the 
foliage may be similar to those produced by other root troubles, such as root 
winter injury and collar winter injury, or root suffocation. 

The most characteristic symptom on stone-fruit trees is the white to 
cream-colored mycelial growth in the cambium of the affected roots or root 
crown. On margins of the diseased area the fungus may spread out in the 
cambium in distinctive fan-shape pattern. The fungus also advances into 
the wood of affected roots, producing a decay that becomes progressively 
lighter, eventually turning to a very light tan or cream color. 

Another symptom of the disease is the presence of black rhizomorphs ad- 
hering to the surface of affected roots. These rhizomorphs advance through 
the soil and thus spread the disease from root to root and tree to tree. Of 
course, one of the most definite diagnostic characters of the disease is the 
fruiting body of the fungus, which sometimes forms about the collar of 
affected trees or on shallow roots. In culture, the fungus is readily distin- 
guished from most other fungi by the formation of honey-colored rhizo- 
morph-like structures permeating the agar. 

ORCHARD SURVEYS ON THE PREVALENCE OP THE DISEASE ON POME AND STONE- 

PRUIT TREES 

Prom 1931 to 1942, in connection with other root-rot studies, surveys on 
the incidence of this root rot have been made in Virginia, Maryland, North 
Carolina, and other eastern and central States. Since Armillaria occurs as 
a saprophyte in the deciduous forests in these regions and is known to rot 
the roots of a wide variety of cultivated plants, including the apple and the 
peach, an inspection to determine its presence and pathogenicity on apple 
and peach trees was made at every opportunity. The results of these obser- 
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vations were different from wliat might have been expected, judging from 
the literature on the general distribution of this disease. 

Armillaria on Apple Trees 

In the Hood River Valley, Oregon, Armillaria has been observed by the 
writer, growing on the collar of apple trees affected wuth the sunscald type 
of winter injury on the trunk, but casual observation indicated that it was 
not active as a parasite on the roots of uninjured apple trees. In the eastern 
part of the United States surveys for various root disturbances have been 
made in many of the fruit districts. In only one case was Armillaria found 
growing on apple roots. This tree, which was located in Virginia, was grow- 
ing under adverse conditions because of wet, poorly drained soil. 

Armillaria on Cherry and Peach Trees 

Surveys have been made of the cherry orchards in north w^estern Pennsyl- 
vania, but no Armillaria root rot was observed. In one ease a cherry tree 
that had been planted on newly-cleared land in Maryland was killed by 
Armillaria root rot. The observations on cherry trees, though limited, indi- 
cate that Armillaria root rot is not of frequent occurrence or serious in the 
eastern part of this country. 

Observations on root diseases of the peach have been made in a number 
of peach orchards in Georgia and in the Shenandoah- Cumberland region of 
Pennsylvania, Maryland, and Virginia, but Armillaria root rot was not 
found. 

In the Coastal Plain of Maryland, Armillaria root rot was occasionally 
found. Annual observations on an affected tree have been made during the 
past 8 years and are here recorded. In 1933, a 3-year-old peach tree replant 
in a 6-year-old peach orchard, growing in sandy soil in the Coastal Plain 
of Maryland was found to be diseased with Armillaria and was removed. 
The next year an adjacent tree, also a replant, showed disease symptoms 
and an examination, together with isolations, showed the presence of Armil- 
laria, several roots being affected at that time. This tree was allowed to 
stand and examinations have been made each year since then to find out 
how rapidly the disease spread to sound roots and the time required to kill 
the tree. Although the disease has been gradually advancing, the tree has 
been able to make new roots above the diseased ones and was still alive in 
1942. In 1941, the tree ceased active growth but the poor vigor was at least 
partly due to borers. In spite of the massive invasion and, presumably, an 
abundance of inoculum in the soil, the spread of the disease to other roots 
has not been rapid. The fact that a diseased tree remained alive at least 8 
years after it was known to be infected and that the adjacent trees have not 
given indication of being affected, indicates that the fungus has not invaded 
rapidly and that conditions have not been favorable for spread to or infec- 
tion of adjacent trees. These two trees were growing in a slight depression 
where ’there was some evidence of slow drainage after heavy precipitation. 
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In the sand-hill section of North Carolina, Armillaria was frequently 
found on peach trees. In this region most of the peach orchards were set on 
land newly cleared of partly deciduous forest, thus providing favorable con- 
ditions for an abundant growth of the pathogen in the soil. Certain adverse 
host conditions, however, existed. The soil is very light and sandy and is 
probably low in humus and mineral plant foods. Also, climatic conditions 
have tended toward temperature and moisture extremes. An injury about 
the collar, seemingly winter injury, was prevalent. Furthermore, nematode 
injury contributed to the complexity of the situation. It was difficult there- 
fore to determine to what extent Armillaria was the primary cause of the 
death of affected trees. 

INOCULATION EXPERIMENTS 

Inoculation Avork Avas begun in 1933 and has been carried on for 9 years, 
using 1- to 5-year-old nursery trees of apple, pear and peach groAving at 
Arlington Experiment Farm, Arlington, Virginia, at the Bureau of Plant 
Industry Station, Beltsville, Md., and at Fruitland Orchard, Hamlet, North 
Carolina. The inoculum used at first was a pure culture of the fungus, ob- 
tained from apricot root from The Dalles, Oregon, and groAvn on peach 
tAvigs about 2 inches long and inches in diameter. It Avas expected that 
the use of such large pieces would favor production of rhizomorphs, which 
Thomas (7) states are necessary for infection. In the later inoculation work 
the inoculum was groAvn on pieces of apple limb an inch or more in diameter 
and about 2 inches long, that had been placed in jars with Avheat bran, then 
sterilized and subsequent!}^ inoculated. After several months, Avhen the 
wood was well covered Avith the fungus, inoculation was made by scraping 
the outer bark of the root Avith a troAvel, laying a piece of the inoculum on 
the root, and replacing the soil. This method of inoculation was suggested 
by Harold Thomas and Donald Bliss of the University of California. 

In 1934, at Arlington Experiment Farm, periodic monthly inoculations 
were made on apple, pear, cherry, plum, and peach trees that had been grow- 
ing in the nursery for 3 years. Many of the peach trees used in later inocu- 
lation work were of bearing age, but Avere groAving in close nursery forma- 
tion. 

In 1938, an experimental plot of peach trees was set at Hamlet, N. C., 
with 1-year-old peach trees of a knoAAm root and top combination, the roots 
being seedlings of knoAvn commercial varieties. These trees were set 4 feet 
apart in rows 8 feet wide in a plot in a 10-year-old peach orchard Avhere the 
trees had died. Armillaria Avas present on some of the old peach trees still 
standing only a short distance from the experimental plot. The cause of the 
death of old trees in that part of the orchard Avas not definitely determined. 
The conditions obtaining there were probably typical of many other orchards 
where dead trees occurred. The next year after the trees were planted the 
roots Avere inoculated in July with a strain of the fungus from North Caro- 
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lina. The next year inoculation was made on the opposite- side of the main 
root. 

The results of all these inoculations in North Carolina, Virginia, and 
Maryland, were, in the main, negative. In a few cases, lesions as much as 
10 mm. in diameter were produced at the point of inoculation on cherry or 
peach-tree roots ; however, these lesions soon healed over. The results of all 
apple and pear inoculatons were negative. At the Hamlet plot, some trees 
died the first year because of late planting and hot weather. Some trees died 
each year but there was no evidence that any root-rot pathogen killed the 
trees. 

DISCUSSION OF BESULTS 

The fact that the isolates used for inoculum were taken from a variety 
of sources, including widely separated geographical regions, suggests that 
the absence of infection was due to host resistance rather than failure to 
obtain normally virulent strains of inoculum. These negative inoculation 
results agree with field observations in eastern United States in indicating 
that the disease occurs rarely and that the edaphie conditions where most of 
these observations were made were not suitable for host infection. Where it 
does occur there is evidence that the host has been weakened by an unfavor- 
able environment. 

The references in the literature to Armillaria as causing a serious root 
disease of cultivated plants are much more likely to emanate from a region 
of low precipitation, as South Africa or West Africa or California, than 
from a more humid region. 

The evidence given above indicates that the comparative absence of the 
disease in the eastern United States and its prevalence in the West Coast 
regions are due to host reaction to physical environment. That is, the en- 
vironmental conditions in the West Coast regions are favorable to host sus- 
ceptibility, and in the eastern regions conditions are, in the main, unfavor- 
able to susceptibility. It may be that the xeric conditions of the West favor 
host susceptibility to this pathogen. 

SUMMARY 

Surveys in many of the fruit regions in the eastern and central parts of 
the United States resulted in occasionally locating stone-fruit trees attacked 
by Armillaria. The pathogen has been isolated from peach roots from the 
Sand-hill region of North Carolina, but no evidence has been obtained show- 
ing whether Armillaria is the initial cause of the decline of the trees or 
whether the fungus follows some disorder caused by adverse environment. 

Observations for 8 consecutive years on a diseased peach tree growing 
in the Coastal Plain of Maryland showed a slow advance of Armillaria in 
the affected tree, but no indication of spread to the surrounding trees. 

At monthly intervals for 2 years inoculations were made on young pome 
and stone-fruit trees. These usually gave negative results, but in some in- 
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stances small lesions were formed. These healed by the next year. Inocula- 
tion of replants in an old peach orchard in North Carolina in which Armil- 
laria was present also failed to produce the disease. Natural infection has 
not occurred on these test trees. 

Plant Industry Station, 

Beltsvillb, Md. 
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INFLUENCE OP CONTACT PERIOD ON THE PASSAGE OP 
VIRUSES PROM CION TO STOCK IN TURKISH TOBACCO 

0. W. Bennett 
(Accex^ted for publication November 30, 1942) 

INTRODUCTION 

Extensive evidence indicates that there are distinct differences between 
viruses in their relationships to the tissues of the plants in which they occur. 
Those viruses that cause generalized yellowing, leaf curling, leaf rolling, 
etc., without mottling, appear as a rule to be more or less limited to the 
phloem of the invaded plants and the symptoms produced are typical of 
disturbances arising in the phloem. Those viruses that cause mottling and 
various types of local lesions occur in relatively high concentrations in the 
parenchyma and produce symptoms typical of disturbances arising in the 
parenchyma. However, it is evident that most viruses of this latter type 
occur also to some extent in the phloem, although their concentration in 
this tissue may be relatively low as compared to that in the parenchyma. 

It would be expected that viruses of these two groups would exhibit 
differences in their ability to pass from an infected cion or bud to a 
healthy stock through a graft union. Obviously, if a virus is limited to the 
phloem it cannot pass from a diseased cion to a healthy stock until a phloem 
bridge is formed across the graft union ; whereas a virus that increases and 
moves ill parenchyma should be able to pass the graft union as soon as a 
parenchymatous bridge becomes available, perhaps considerably before 
there is differentiation of phloem in the tissue uniting stock and cion. 

Evidence that may be interpreted as support for this hypothesis was 
obtained by KunkeP who showed that a shorter contact period was required 
for the transmission of peach mosaic than for that of peach yellows, little- 
peach, and peach rosette. No such studies, however, are available on 
herbaceous plants, possibly because of the difficulty of selecting viruses with 
the desired tissue relationships and at the same time not transmissible by 
manipulation necessary in making grafts. Recently, two viruses have been 
found, one a strain of a ring-spot virus and the other a strain of cucumber- 
mosaic virus that are transmissible to Turkish tobacco by juice inoculation, 
only with considerable difficulty. These two viruses have been compared 
with the virus of curly top with respect to the readiness with which they will 
pass from an infected cion to a healthy stock. The results of these experi- 
ments are presented in this paper. 

MATERIALS and METHODS 

The strain of curly-top virus used in these experiments was one that is 
relatively severe on sugar beet and causes severe symptoms on Turkish 

1 Eunkql, L. 0. Coiitaet periods in gi’aft transmission of peacli viruses. Phytopatli. 
28:491-497. 1938. ^ ^ 
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tobacco. The virus has been carried in sugar beet and tobacco for several 
years. 

The ring-spot virus came originally from field tomatoes but has been 
held ill Turkish tobacco for more than two years. Eepeated attempts 
to transmit this virus to Turkish tobacco and tomato by juice inoculation 
have resulted in only a few cases of infection. In a few instances limited 
numbers of local lesions were produced on Turkish tobacco but in most cases 
neither local lesions nor systemic infection resulted from juice inoculation. 
Systemic infection did not always follow the production of local lesions. 
Plants that are systemically infected produce rings and spots of necrotic 
tissue on the younger leaves as primary symptoms after which the plant 
recovers to the extent that no obvious symptoms are evident on the subse- 
quent growth. 

The strain of cucumber-mosaic virus used came from sugar beet on 
which it causes a severe form of mottling. It is transmissible to Turkish 
tobacco by juice inoculation but only very small percentages of the inocu- 
lated plants have become infected. 

Pour lots of diseased Turkish tobacco plants were prepared as sources 
of diseased cions used to make the graft inoculations. Lot 1 was infected 
by curly-top virus; lot 2 by ring-spot virus; lot 3 by curly-top virus plus 
ring-spot virus; and lot 4 by curly-top virus plus ring-spot virus plus 
cucumber-mosaic virus. Healthy Turkish tobacco plants were grown to a 
height of about 2 feet. The stems were cut back to a height of about 10 
inches. Cions from the 4 lots of diseased plants were attached at the tops of 
the stems, the area of contact between cion and stock being a slanting sur- 
face somewhat more than an inch in length. Cions were removed after the 
alloted period of contact. The contact periods between cion and stock 
varied from 1 to 14 days with a 1-day interval for the first 6 days and a 2-day 
interval thereafter. 

experimental results 

The detail results of this series of tests are shown in table 1. It will be 
noted that no curly-top infection occurred in plants in which the union with 
diseased cions was less than 5 days. In general there was an increase in 
percentage infection as the time of contact with diseased cions was increased. 
Infections by the viruses of ring spot and cucumber mosaic began with the 
plants having a 2-day contact period with infected cions, and increased 
rapidly as the period of contact was increased. The fact that no infection 
took place on any of the plants in which the contact period was 1 day 
indicates that there was no infection resulting from handling the plants 
during the process of making the grafts. 

Infection by curly-top virus and ring-spot virus from cions that 
carried both viruses closely parallels that" obtained where the two viruses 
were in separate cions. This is true also from the cions that had all 3 
viruses. There is some evidence, however, from the results obtained from the 
cions containing all 3 viruses that the ring-spot virus moves more rapidly 
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TABLE 1 . — hifluence of period of contact 
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on passage of viruses from diseased 


Plants infecteda from cions carrying the indicated 

of viruses 


viruses and combination 


Period 
of con- 
tact be- 
tween 
cion and' 
healthy 
stock 


Curley-top virus plus ring-spot 
virus plus cucumber- 
inosaic virus 


Cueumber 

mosaic 


Number 


Number 


■r of plants infected out of 15 inoculated in each 


instance. 


discussion and conclusions 

The^ results of this series of graft inoculations 
tints of ring spot and the virus of cucumber mosaic e 
from the virus of curly top by taking advantage 
required for passage of the respective viruses throuf 
the virus of ring spot often is separable from the vii 
in short contact periods. Less often the virus of eu 
rated from that of ring spot. It is believed that the 

l..r the most part, to the difference in tissues in whi 
to travel. 

Pivvious histological investigations of the ^n-a 
tobacco have shmvn that there is at least a merisi 
slock and cion after 48 hours of contact and that p: 
entiafe in the new tissue of the union at lea.st hv fho « 


Curly -top 
virus 

Eing-spot 

virus 

Curly-top virus, plus 
ring-spot virus 

Guriy top 

Eing spot 

Curly top 

Bing spot 

Number 

Number 

Nuuiber 

Number 

0 

0 

0 

0 

0 

3 

0 

6 

0 

9 

0 

8 

0 

13 

’ 0 

11 

9 

15 

1 

12 

5 

15 

4 

13 

7 

15 

6 

15 

9 

15 

10 

15 

11 

15 

12 

15 

14 

15 

15 

15 
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Strong circumstantial evidence indicates that parenchyma-inhabiting 
viruses are able to move from cell to cell in the parenchyma through the 
plasmodesmata. This would permit the viruses of cucumber mosaic and 
ring spot to move across the graft union as soon as a parenchyma union 
became available. The curly-top virus, however, appears to be more or less 
limited to the phloem, and it is knowm that it is unable to move through 
at least certain types of parenchyma. It seems probable, therefore, that 
the virus of curly top is retained in the cion until differentiation of phloem 
begins in the graft union. 

The; apparent greater rate of movement of the ring-spot virus through 
the graft union as compared with that of the cucumber-mosaic virus might 
be due to greater mobility resulting from size of particle, rate of increase, 
or other factors. However, there is a basis for suggesting that this also may 
be the result of the relation of the respective viruses to tissues. Valleau- 
is of the opinion that the meristernatic tissue of tobacco plants is invaded by 
the ring-spot virus. Apparent occurrence of this Aurus in pollen and the 
fact that infected plants recover from seA^ere initial symptoms of the disease 
support this concept. 

Sheffleld’s^ Avork indicates that the virus of aucuba mosaic of tomato 
does not completely iiiATide the meristernatic cells of the growing point of 
affected plants but progressively invades the cells below the primary 
meristem as they begin to differentiate into more mature tissues. Some 
cells are iiwaded early enough to inhibit development of plastid primordia, 
others are not. This unequal invasion in Avhieh deA^elopmeiit of plastid 
primordia is suppressed in early invaded cells and not in later invaded cells, 
results in the mottled condition of the leaves of affected plants. 

If the ring-spot Aurus is able to invade apical meristem, as Yalleau sug- 
gests, and if mottling in general results from delayed non-uniform invasion 
of the cells beloAv the primary meristem of the groAviiig apex of the stems, as 
SheffiekBs results Avould tend to indicate, it is probable that the ring-spot 
Aurus may be able to invade and migrate through cells that are someAvhat 
younger than those that will permit passage of the virus of cucumber mosaic. 
Hence it is quite possible that the virus of ring spot might pass through graft 
unions Avhen a meristernatic union is available ; Avhereas passage of the virus 
of cucumber mosaic Avould be delayed until meristem begins to differentiate 
into other tissues. In plants grafted to cions carrying both cucumber-mosaic 
virus and ring-spot virus this might account for the larger number of plants 
in which only ring-spot virus occurred. 

It is true, of course, that some of the plants grafted to cions containing 
both Auruses showed only eueuniber mosaic ; and it may be argued that in 
these instances the virus of cucumber mosaic passed the graft union first. 

2 Valleaiq W. I), Experiinental produetioii of symptoms of so-called recovered ring- 
spot tobacco plants and its bearing on acquired immunity. Phytopath. 31: 022-533. 
1941. ■ ■” 

s Sheffield, P. M. Ij. The development of assimilatory tissue in Solonaceons host 
plants affected with the aucuba mosaic of tomato. Ann. Appl. Biol, 20 : 57-69. 1933. 


822 


Phytopathology 


[VoL. 33 


This possibility is by no means eliminated, but it is not necessarily true. 
As was noted earlier, there is evidence indicating that local infection by the 
strain of ring-spot virus used does not always result in systemic infection. 
Therefore, even with plants showing only cucumber mosaic, the virus of rino- 
spot may have passed through the graft union first, but failed to establish 
itself sufficiently to cause systemic infection. 

<< information already available on graft transmission of 

yellow ^ and “mosaic” types of viruses it seems reasonable to expect that 
the mosaic types in general will be found to be transmissible by short contact 
periods between diseased and healthy tissue. Apparently a pareiiehymatous 
union, and perhaps sometimes only a meristematic union, is sufficient to per- 
mit virus passage. Such unions might occur between tissues of widely dif- 
ferent species of plants. Even though the grafted tissue failed to remain 
alive for more than a few days it might make a union that would permit 
passage of virus. If this should prove to be true the graft technique if 
extensively tested, might prove to be of considerable value in extendino- 
knowledge as to virus host range and in determining virus relationships in 
groups of plants sudi as Ilosaeeae, with viruses that are not juice transmis- 
sible and tor which insect vectors are unknown or have limited host ranges. 

U. 8. Sugar Plant Field Laboratory, 

Riverside, California. 


CARNATION MOSAIC 

D. B. Greageri 
(A ccepted for publication January 2 , 1943) 

A disease of carnations (Dianthiis caryophyllus L.) with symptoms 
resembling those of mosaic diseases of other plants, first came to the atten- 
tion of the writer in the fall of 1939. Since then it has been observed fre- 
quently, affecting many of the leading commercial varieties of greenhouse 
carnations. 

Others previously had encountered maladies of carnations quite similar 
to, if not identical with, the disease referred to here as carnation mosaic. 
As early as 1912 Peltier (5), working at the University of Illinois, became 
interested in a disease that he referred to as carnation yellows. He de- 
scribed some leaf symptoms that appear to be very similar to those associated 
with carnation mosaic, but he did not mention flower breaking. In a limited 
test, Peltier grafted healthy cions to diseased plants and found that mottling 
and flecking occurred in the cion shoots. Viruses being little understood at 
that time, this transmission apparently did not suggest a virus disease to 
Peltier. Lanikey (4), who followed Peltier in the work at Illinois, reached 
no conclusion as to the cause of yellows, but in his discussion he suggested 
that it might possibly be caused by a virus. Pukushi (3) included carnation 
mosaic in a list of virus diseases found in Japan in 1932, but described no 
symptoms and cited no evidence that the disease was caused by a virus. In 
1937 Smith (7) referred to a disease of carnations found in England as a 
suspected virus disease, in which the leaves are mottled and the flowers are 
broken. Smith considered that further investigation was necessary to defi- 
nitely establish its cause. Asuyama (2), in 1938, reviewing recently re- 
ported diseases of cultivated plants in Japan, siiinmarized a paper on mosaic 
disease of the carnation by Abe (1), another Japanese worker. He briefly 
described symptoms of leaf mottling and flower breaking closely resembling 
those associated with carnation mosaic in the United States and referred to 
the pathogen as a virus, but cited no evidence to prove that the disease actu- 
ally was caused by a virus. In 1939, Pirone (6) listed carnation mosaic as 
a virus disease, but gave no evidence that would indicate the cause to be of 
virus nature. 

Prom these aceoimts, chiefly mere mentions or imperfect descriptions, 
one cannot be certain that the various maladies listed are the same or that 
any one of them is identical with the disease referred to in this paper as 
carnation mosaic. Also, none of these accounts gives eonclusive experi- 
mental evidence that an}’- carnation trouble referred to is caused by a virus, 

1 A p] >!■(>(' hit ion is expressed to Dr. Leo E. Telion for his helpful suggestions given 
during the course ot* this study and in the preparation of the manuseript; also, aeknowl- 
edgeniont is made to Dr. E. E, Kudo, Department of Zoology, University of Illinois, for 
translating that portion of Asiiyama’s article dealing with carnation mosaic. 
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SYMPTOMS 


Plants affected with carnation mosaic show mottling and flecking of 
leaves and stems and breaking and distortion of flowers; also, the general 
vigor and productiveness of diseased plants are reduced. Young leaves of 
affected plants show mottling of light- and dark-green patches or streaks 
that run parallel with the midribs, causing the affected leaves to appear 
lighter green than those of healthy plants (Fig. 1). Older leaves of affected 


plants show whitish, sunken, elongated flecks or streaks, which eventually 
can become reddish, purplish or brown. Sometimes severely affected leaves 
are blighted. Also, stems of diseased plants frequently show whitish flecks 
or streaks similar to those shown on leaves. 

In the colored varieties, flower breaking accompanies mottling and fleck- 
ing of leaves (Pig. 2). Broken flowers show white or light-colored streaks 
that parallel the veins of the petals, fanning out from the base toward the 
tip. In the white-flowered varieties, the typical leaf symptoms appear, but 


Pig. 1. Carnation mosaic. At the left, leaves in an advanced stage of infection 
showing mottling, flecking and streaking; at the right, normal leaves. Photographed 
with transmitted light. & r 
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the flowers do not show breaking because they are white. Kegardless ot 
color, flowers of affected plants usually are distorted and of poor quality. 

TRANSMISSION STUDIES 

Eepeated attempts to associate a fungus or bacterium with the sunken 
necrotic flecks in the older leaves of affected plants by microscopic examina- 
tion and culture studies have failed, but the infective principle has been 
successfully transmitted from diseased to healthy plants by grafting and has 
been carried repeatedly from one crop of plants to the next in cuttings taken 


Fie. 2. Carnation mosaic. At the left, an opening flower Dna or iving (..arainai 
variety showing broken or white-streaked petals as a result of inoculation by grafting; 
at the right, a normal flower of the same variety. 

from diseased plants. In a preliminary experiment, a total of 9 cions of 
healthy King Cardinal carnations were grafted to 4 diseased plants of the 
Pink Treasure variety. All cions have developed branches with typically 
mottled and flecked leaves, and all that have flowered have produced broken 
and distorted flowers. 

In a more extensive grafting experiment, 315 plants were propagated 
from carefully selected healthy plants of the King Cardinal variety. To 215 
of these healthy plants, cions from diseased plants of the King Cardinal and 
Pink Treasure varieties were grafted. The remaining 100 plants, consisting 
of 2 or 3 plants of each clone of healthy plants, to which no cions were 
grafted, were I’etained as checks. Out of the first series of 110 grafted 
plants, 91 successful grafts were obtained, and in the second series of lOo 
grafted plants, 101 were obtained. Although this experiment still is in 
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progTesSj the results obtained thus far are very indicative. In the first 
series, 90 plants out of 91 show marked symptoms of mottling and flecking 
of leaves, and of 32 plants that have flowered all yielded typically broken 
and distorted flo'vvei’s. In the second series, which was started somewhat 
later than the first series, 78 plants out of a total of 101 show symptoms of 
leaf mottling and flecking, and of 20 that have flowered all produced broken 
flowers. None of the 100 check plants shoves symptoms of the disease. The 
results of these grafting experiments show that the infective principle can 
be transmitted from stock to cion and from cion to stock by grafting, pro- 
viding good evidence that the disease is caused by a virus. 

Thus far the virus has not been mechanically transmitted to healthy 
plants. An experiment designed to transmit the virus from diseased to 
healthy plants by alternate pinching or topping of diseased and healthy 
plants has given negative results. Likewuse, an experiment designed to in- 
duce the disease in healthy plants by rubbing the leaves with juice from 
diseased plants, after the leaves w^ere dusted with carborundum powder, has 
been unsuccessful. 

Observations made in commercial plantings of carnations indicate that 
disease-free lots of plants can become infected when grown near mosaic 
plants in the same greenhouse or field plot. Results of an experiment con- 
ducted last year gave similar indications. In this experiment, 300 ^mung 
plants of King Cardinal carnations were purchased from a groover and w^ere 
separated at random into twm lots. One lot of 200 plants was grown in a 
commercial field plot during the summer, adjacent to rows of other carna- 
tions containing a high percentage of mosaic, while the other lot of 100 
plants was grown in the greenhouse, where it was isolated from plants known 
to be diseased. To a considerable extent plants grown in the greenhouse 
wnre protected from insects, while no attempt wms made to control insects in 
the field. In the fall plants grown in the field plot were brought to the 
greenhouse and planted in a bed adjacent to those grown in the greenhouse 
all summer for comparison. By the f ollowung spring 30 per cent of the field- 
growm plants w^ere mosaicked, showung typical symptoms of leaf mottling 
and flower breaking, while only 6 per cent of those grown in the greenhouse 
showed symptoms of the disease. Since all attempts to transmit the virus 
from diseased to healthy plants by ineehanical means have failed, it is 
strongly suspected that insects are vectors. Insects as vectors would, of 
course, explain the rapid spread of the virus from infeeted to healthy plants 
in commercial plantings. 

SUMMARY 

Carnation mosaic has been observed frequently in Illinois greenhouses 
and similar, if not identical, carnation troubles have been reported previ- 
ously from the Ihiited States, Europe, and Asia. 

Leaves and stems of affected plants are mottled, streaked and flecked and 
flowers of cohuTd varieties are broken. 
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Eesiilts of experiments and observations indicate tliat carnation mosaic 
is caused by a virus, evidence wliieh earlier workers have not presented. 
The virus can be transmitted readily from diseased to healthy plants by 
gTafting, it can be carried from one crop to the next in cuttings taken from 
infected plants for propagation, and in the field it is spread from diseased 
to healthy plants, possibly by insects. 

Section op Applied Botany and Plant Pathology, 

Illinois Natural History Survey, Urbana, Illinois. 
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DIPLODIA PINEA AND SPHABROPSIS MALORUM 
ON SOFT PINES 

Alma M . W a t e e m a n 
(Accepted for publication March 19^ 1943) 

Occasional reports have been made of the occurrence of species of SpJiae- 
ropsts on cankers or dead areas on trunks or branches of eastern white pine 
(Fimis strobus L.), Himalayan pine (P. griffithu MeClelL), and limber pine 
(P. flexUis James). In some cases the organism has been reported as Sphae- 
iopsis ellmi Saee. (3, 4), which has large brown continuous, or rarely one 
septate, spores produced in pycnidia. The fruiting bodies and spores 
correspond to those of Diploclia pinea (Desm.) Kiekx of which 8. ellisii is a 
synonym (13). This fungus also has been reported by Slagg and Wright 
(11 as the cause of the death of seedlings of Colorado piiion pine (P 
cemiroides var. edidis (Engelm.) Voss). Another species of Sphaeropsh 
mih spores smaller than those of D. pinea and more closely resembling 
b. malorum Pk., the pycmdial stage of Physalospora obtusa (Schw.) Cke. 
has been found on dead areas on branches or trunks of eastern white pine' 
Very little is known regarding the conditions under which these two fungi 
infect soft pines. In connection with a study of D. pinea on hard pines ( 13 ) 

a , ew observations on the occurrence of these fungi and a series of inocula- 

tioiis were made. 

DIPLODIA PINEA 

l-iri?o!!“'’'r'*'®' wf noted by the writer, particu- 

c y on eastern iiRite pines growing in unfavorable locations, on poor soil, 

or densdy shaded, or weakened by environmental agencies, m- injured by 

Xt'waftir"''' "" that i>. 

Pirone 9) obtained positive results from the inoculation of the stem of a 

^ A^r mycelium from a single-spore culture of 

nin k V ’"y.^'^terman and Miller (14) of a tip blight of a white 

infecSrSi n Austrian pines and Douglas firs heavilv 

fu . ifis mdicates that under certain conditions the 

nn us IS parasitic on eastern white pines. The parasitism of the fungus 

Wrighraih^”“” “^^estigations of Slagg and 

f ^'fodia pinea on hard pines (13) three vigorously grow- 
whh m vlr"'' TTi ®^P®^tmental plot were inoculated by the writer 
fccted iKl(lIw"f"\ smgle-spore cultures isolated from in- 

inocul-itions on’ negative in all cases. Six 

from dm! ; ! u ”• P’"^ mycelium 

around an oh! m P'”®* ®°''Aed from pycnidia on a canker 

noc Illations each were made by applying the inoculum in the following 

■ m 
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ways : near the base of uiiin jnred leaves of the new gTowth when the leaves 
were about one inch long; on leaf sears from which the newly developed 
leaves had just been removed ; in wounds on twigs of the new growth made 
by cutting with a sterilized scalpel a small triangular section of bark under 
which the inoculum was inserted. After the inoculum was applied, the 
portion inoculated was wTapped with moist cotton and then covered with a 
strip of waxed paper firmly tied in place. The coverings were removed 
about 10 days after inoculation. Controls \vere made in the same way with- 
out the introduction of the inoculum. No positive results were obtained in 
any of the inoculations. 

SPHAEROPSIS MALORXTM 

In 1885 Peck (8, p. 98) reported a fungus on Pimis strohus as a new 
variety of Diplodia pinea, namely, D. pinea eorticola. This variety is con- 
sidered by Stevens (12) to be a synonym of Sphaeropsis maloriim. His 
examination of Peek’s specimen showed that the spores measured 22-24 p x 
11-13 jj, smaller than those of D. pinea, but within the range of S, malorum, 
Hesler (6) listed P. stroJnis as a host of S. malorum as indicated by collec- 
tions only. The results of his cross inoculations of P. strohus with S, 
malorum isolated from apple were negative (5). Hedgcock (4) reported 
S. ellisii on P. griffithii (P. excelsa Wall.) from Pennsylvania. Notes by 
Dearness, accompanAung the collection, indicate that the spores measured 
20-25 |j X 7-8 jj, Avhich he considered the same as those of Macrophoma pinea 
Passer. This latter fungus is described as having hyaline one-celled spores 
measuring 22.5 gx 7.5 f.i (10, p. 198). In an examination of the specimen 
by the Avriter a A^er^?' feAV brown unicellular spores Avere found Avith spore 
measurements as given by Dearness and corresponding with spores of S, 
malorum. The occurrence of 8 . malorum causing a disease of Himalayan 
pine ill Pennsylvania folloAving Avinter injury Avas reported by York (15) 
and Jump (7). Cross inoculations proAud that the fungus AAUuld infect 
through Avounds made on the tAAugs of young apple trees and of 3-year-old 
Avhite pines. Inoculations on 2- and 3-needle hard pines gave negative 
results. 

In the present study a series of inoculations Avas made Avith S. malorum 
spores produced from single-ascospore cultures of PJiysalospora ohtusa iso- 
lated by Ayers (1) from apple tAvigs in Massachusetts. Young healthy trees 
of Pimis strohus and of the hard pines, P. nigra Arnold, P. sylvestris L., and 
P. resinosa Ait., groAving in the experimental plot, Avere inoculated Avith 
crushed pycnidia containing mature spores. The methods of applying the 
inoculum to the parts of the trees indicated in table 1 Avere the same as in the 
inoculations of P. strohus with Diplodia pwca mentioned above. From the 
thirty inoculations the one positive infection oceurred on P. sylvestris 
around the base of a dead tAvig stub immediately adjacent to and partially 
included in the Avound into which the inoculum Avas inserted* No canker 
formed on the living branch and the fungus Avas reisolated only from the 
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base of the dead twig stub. In all other eases the inoculated wounds healed 
over, as did those of the controls. 


Humber o f inoculations and infections on species of Pimts 


SUMMARY 

The results of these observations and inoculations indicate that 
Dtplodia pmea nor Spkaeropsis malorum is parasitic upon the lea 
wigs of the new growth on young vigorously growing white pines 
lungi, however, occasionally may be contributing factors in the un 
condition of soft pines that have been weakened primarily by other a 
Improved growing conditions and the prevention or protection of 
will lessen materially the possibility of infection. 

Division op Forest Pathology, Bureau op Plant Industry, Soi 
and Agricultural Engineering, Agricultural 
Kesearch Administration, 

U. S. Department op Agriculture, in cooperation with 
Osborn Botanical Laboratory, 

AAle University, New Haven, Conn 
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SPHAEROTHECA HUMULI VAR. PULIC4INEA ON DELPHINIUM 

IN CALIFORNIA 

Kenneth F . Baker 
(Aeccepted for publication March 17, 1943) 

The presence in California of Sphaerotheca himmli (DC.) Burr. van. 
f iiligmea (Schleclit.) Salmon on Delphinium spp.,^ in addition to the ubiqui- 
tous Erysiphe polygoni DC., is poteutiallj" significant in a breeding program 
(3) for resistance to this disease. 

Several plants of Delphinmm amabile Tidestr. in the university glass- 
houses, West Los Angeles, were observed in Pebruaiy, 1942, to have many 
peritheeia of the powdery mildew, Sphaerotheca humiiu var. fuliginea, which 
may have been brought in on various transplanted native Delphinium spp. 
present at the time. Although no published record of this fungus on Del- 
phimmn in North America has been found, specimens examined in the 
University of California herbarium at Berkeley showed the following col- 
lection of this fungus under the label S. humuli: Berkeley, Alameda Co., 
Calif., on cultivated D. comolida L., July, 1924 (H. B. Parks 2759) ; Alton! 
Humboldt Co., Calif., on D. irollnfoUum Gray, April 24, 1927 (J. P. Tracy 
7950) ; Middle Yager Creek, Humboldt Co., Calif., on D. trolliifoUum, July 
6, 1930 (J. P. Tracy 8857) ; Coyote Peak, Bald Hills, Humboldt Co., Calif., 
onD. trolliifoUum, August 6, 1933 (J. P. Tracy 12959). The Berkeley col- 
lection was made in the university botanical garden and carried the notation, 
Destructive on this host”“; since this area has been rather well botanized 
it IS surprising that there are no known later collections of the parasite there, 
f?; f: stated-’ that the mildew “. . . on the wild Delphinium trol- 

liifohum IS frequent and often damages the host severely” in Humboldt 
County ; he had no record of it on other wild species there. The Plant Dis- 
ease Survey* had no additional records of this mildew on delphinium. 

It is evident that the pathogen has been established on native del- 
phiniums in northwestern California for at least 16 years, and was present 
m the state even earlier. Since other specimens (J. P Traev 8886 967‘> 
130771 and H. E. Parks 5102) on cultivated perennial delphilm and 
rocket larkspur from Humboldt County proved to be Erysiphe polygoni, it 

m uncertain whether the second mildew is established on cultivated varieties 
in that region. 

Study of the various specimens showed several characteristics that allow 
rapid identification of Sphaerotheca humuli var. fuliginea under a dissect- 
ing microscope of 72 x magnification, using lateral illumination. The cells 

Molilq i,«t „i tlio University of California, and by J. P. Tracy^ Eureka Oa ifor i i7 '' 

.vrii JSi'Srissr'T '7'? ‘"r 

'"'SSia ““■ --"S'S'ifr rM'scs: 

^ Letter from *L A, Btevensoii, dated Febrnarj 6, 1943, 

. : 832 - : . 
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of the perithecial wall are large and decidedly eonvex, with the cell sutures 
rather deeply indented. By contrast, the walls of Erysiphe polygoni are 
composed of smaller cells which are relatively smooth or occasionally con- 
cave (i.c., with the central portion of the cell collapsed, a condition appai’- 
ently most common on immature perithecia). The w^alls of E, polygoni are 
also darker than those of S. Jmnmli var. fuliginea and are usually more 
refractive. In all of the material examined the perithecia of E. polygoni 
were more or less embedded in aerial mycelium and conidiophores, but the 
other mildew had scant mycelial development ; this agrees with the condition 
described by Blumer (1) for S, delphinii Karsten. The conidiophores pro- 
jecting from the folded margins of leaves, examined as above, showed that 
conidia of E. polygoni were borne singly whereas those of 8, humuPi var. 
f uliginea were borne in chains, a distinction well illustrated by figures 2b 
and 2d of Brodie and Neufeld (2). 

Examination under the compound microscope of many samples of peri- 
theeia from a large number of plants of the BelpMmum elatuni group (col- 
lected Aug. 10, 1942, in a field planting in West Los Angeles), indicated that 
the mildew was entirely Erysiphe polygoni. After the external structural 
differences of the perithecia were appreciated, reexamination of the material 
under the dissecting microscope disclosed small colonies of Sphaerotheca 
Jmmili var. f uliginea, as well. Identification -was confirmed in all cases by 
examination under high magnification. Because the new parasite is not so 
vigorous in its development as E. polygoni, it was overlooked by the usual 
methods of examination. This collection demonstrated that the fungus can 
become established under outdoor conditions in Southern California. 

The new pathogen was found to have perithecia 60-89 p (average 76.3 p) 
in diameter, with conspicuous w-all cells 13-28 p (average 21,3 p ) in width. 
The asci were 46-88 x 43-71 p (average 63.7 x 56.8 p) and the eight asco- 
spores w^ere 13-26 x 13-18 p (average 18.1 x 14.5 p). The perithecial diame- 
ter is larger than that given in Salmon ^s monograph (5) for Sphaerotheca 
humuli var. fuliginea but within the limits of specimens later (6) referred 
to this variety ; the measurement likewise fits S. fuliginea (Schlecht.) Salmon 
(sic) of Blumer (1) but is larger than S. delphmii which he separates from 
it. The size and conspieuousness of the perithecial wall-cells, the recognized 
criterion of separation of 8 . humuli and its variety place the 

fungus in the latter category, although the size is somewhat less than that 
reported by Blumer (1) or Salmon (5). The size of the asci and ascospores 
is not sufficiently distinct to aid in separation of the two fungi. 

There apparently are no reports of Sphaerotheca humuli on Kanuncu- 
laeeae but the variety fuliginea has been reported on Delphinium grandi- 
florum Jj, (1) in Siberia, Pacowm anama/n la (1) in Eussia, Thalicirum 
alpinum L. (1, 5) in Norway and Sweden, T. minus h. (1) and T. sim/plex L. 
(1, 5) in Siberia, and Trollms europaeus L. (1) in Italy. CaUka palustris 
L., listed as a possible host in SaimoiBs monograph (5) , was later (6) deleted. 
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ThaMctnim angusUfolnim L., listed by Oudeiiians (4), is obviously an error, 
since the sources cited give no snch host. 

It is possible that Sphaerotheca htmuli var. fuliginea is established on 
delphiniums in areas other than California without having been reported. 
The tolerance of Erysiphe polygoni to low humidity (2, 7) may explain the 
fact that it is more abundant than S. humuU var. fuliginea on delphiniums 
in California. However, the new mildew might be damaging in more humid 
sections. 

SUMMARY 

Sphaerotheca Jmmuli var. fuliginea has been present on cultivated and 
wild Delphinium spp. in California for at least 19 years. No published 
records have been found of the occurrence of this fungus on Delphinium or 
other Ranunculaceae in North America, but it has been reported elsewhere 
on several representatives of the family, mostly in northern Europe and 
Siberia. 

Although this parasite apparently is rather rare on present commercial 
delphiniums it is a potential threat to new types which may be developed. 
The determination of the present distribution of the fungus is, therefore, of 
interest. This is facilitated by a method for rapid examination of quanti- 
ties of mildew material to determine whether Sphaerotheca humuli var. 
fuliginea is present with the ubiquitous Erysiphe polygoni. 

Division op Plant Pathology, 

University op Calipornia, 

Los Angeles, California 
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PHYTOPATHOLOGICAL NOTE 


Mercury Compounds Applied to Banana Plants in the Field } — Mercury 
compounds kill Fusarium oxysporuni cuhense^ and, therefore, prevent its 
spread'" in low concentrations in the soil. A series of studies was made in the 
field to determine the effect of the mercury compounds on the banana plant 
and on the Panama-disease organism. In these experiments the following 
mercury compounds were used : DuBay 5 per cent ethyl mercury 

iodide (Bayer-Semesan Co.) ; Hortosan Potato Dip, 8 per cent nitrophenol- 
mercurihydroxide and chlorophenolmercurihydroxide (Imperial Chemical 
Industries Ltd. ) ; mercurous chloride ; and mercuric chloride. 

In the first experiment 3 banana plants were selected and 2 plots 2" x 2' 
dug 2' from each plant, close together. The soil from each plot to a depth 
of 6 inches was removed to a canvas. Hortosan was mixed with the soil of 
one plot from each tree at the rate of 2 oz., 4 oz., and 8 oz., per sq. ft., 
respectively, and replaced. The nontreated soil was replaced on the check 
plots. At the end of 1 month the roots at the edges of the 8-oz. plot had 
turned up and were hypertrophied. At the end of 10 weeks the soil was 
again removed from all the plots and the roots separated and weighed. 
The roots from the Hortosan 2-oz., 4-oz., and 8-oz. plots weighed 14 g., 8 g., 
and 0 g. respectively, while the checks weighed 38 g., 28 g., and 59 g. The 
soil was then replaced. Five months later the roots from the Hortosan plots 
totalled 83.4 g. and the checks 79.7 g. No root injury was observed. Five 
months after the beginning of this experiment the soil was tested for the 
growth of Fusarmm oxysporum cuhense. Tubes were half -filled with soil 
from the treated and nontreated areas, autoclaved, planted with the fungus, 
and the growth rate compared.^ The soil from the Hortosan plots per- 
mitted no growth, while the checks produced normal growth. At 7 months 
the same results were obtained. After the Hortosan had weathered in the 
soil for 9 months the Fiisarium growth readings were 1.5 cm., 0.0 cm., and 
0.0 cm., with the checks normal at 3.1 cm., 3.1 cm., and 4.0 cm. After 11 
months the 2-oz. per sq. ft. treatment permitted a normal growth of the 
Panama-disease fungus, but the 4-oz. and 8-oz. treatments gave reduced 
growth. 

In the second experiment, at the time of planting, the mercury com- 
pounds were mixed with the soil around the plant within a radius of 2 feet. 
The application of 2 oz. per stool of Hortosan or 1 oz. of DuBay, mercurous 
chloride, or mercuric chloride at the time of planting apparently gave no 
injury. A 1-oz. per plant treatment of Hortosan inhibited the growth of 

1 Acknowledgment is due the Jamaica Banana Producers^ Association for support in 
this research. 

2 Meredith, C. H. The effect of chemicals on Fusarium oxysporum cubense growing 

in the soil. Phytopath. 32: 182-184. 1942. 

3 Meredith, C. H. The effect of soil and chemical mixtures on the growth of Fusarium 
oxysporum cuhense. Phytopath, (in the press). 

^ Meredith, 0. H. The growth of Fusarium oxysporum cuhense in the soil. Phyto- 
path. 31 : 91-93. 1941. 
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Fub'arium oxyspontm cubense for 3 months on acid soil and 2 months on 
neutral soil. In plots on 2 different soils the 2-oz. treatment of Hortosan 
has given a greater growth of the banana plant than the growth on the non- 
treated soil. 

In the third experiment Hortosan potato dip was spread over the area 
covered by the roots of 3 different plots. There were 2 stools in each plot. 
The Hortosan was applied at the rate of 3 oz. per 100 sq. ft., 6 oz. per 100 
sq. ft., and 12 oz. per 100 sq. ft. Soil samples were taken and growth read- 
ings made with Fusarmm oxysporum cubefise. The readings were not con- 
sistent, perhaps due to the fact that the mercury compound was sprinkled 
on the surface rather than mixed wdth the soil, as in the other experiments. 
There w’as no injuiy to the banana plants observed for 8 months after this 
treatment. 

The banana plant apparently can withstand higher concentrations of 
mercury compounds than Fusarmm oxyspontm cubense. The Hortosan 
potato dip was observed to stop the growth of the Panama-disease organism 
in the soil after 9 months weathering. The Hortosan was more effective in 
acid soils than in neutral. — Clifford H. Meredith, Glenleigh Laboratory, 
Highgate P. 0., Jamaica, B. W. I. 


COMPARATIVE SYMPTOMATOLOGY OF PSOROSIS VARIETIES 
ON CITRUS IN CALIFORNIA^ 

II . S . P A w C E T T AND A . A . B I T A N C 0 U R T 3 

(Accepted for publication Mareli 3, 1943) 

Studies and observations during the last feAV years have shown that a 
number of symptoms on citrus, previously considered those of totally differ- 
ent diseases, can now be connected with the virus disease psorosis through 
certain features of these symptoms on both bark and leaves (5, 6, 10, 11). 
The use of the term psorosis'^ is, therefore, expanded to cover a group of 
disorders now thought due to varieties of one virus. These disorders include 
psorosis A, psorosis B, concave gum, blind pocket, crinkly leaf, and others 
of minor importance, to be mentioned later. The last three are, accordingly, 
now designated as varieties of psorosis and called '‘concave-gum psorosis,’’ 
"blind-pocket psorosis,” and "crinkly-leaf psorosis.” Since transmission 
of these varieties of psorosis has been possible only through use of living cell 
tissue, the present grouping is made on the basis of certain characters and 
symptoms that are common to all. 

The 3^oung-leaf symptoms, although somewhat variable within each vari- 
ety of psorosis, are those most consistently similar throughout the entire 
group. Another feature, fundamentally similar in the different varieties of 
psorosis when viewed in broad aspect, is an alteration near the cambium in 
the primary lesion of the wood, the varieties differing chiefly in the extent 
of the alteration produced. 

It is the object of this paper to describe the gross external and internal 
characters of the different varieties of psorosis in some detail and to point 
out the common features as well as the differences. Some other, minor effects, 
occurring on citrus in California, possibly due to a related virus or viruses, 
are described briefly. 

YOUNG-LEAF SYMPTOMS OF ALL THE PSOROSIS VARIETIES 

Since the ^mung-leaf symptom (3, 4) is common to all the psorosis 
varieties, and since its similarity in the varieties seems to tie them together 
into one group, this character will be described before differentiating the 
varieties. 

Small, elongated areas, white to yellowish or distinctly lighter to slightly 
paler green than the rest of the leaf blade, occur on the leaves in the region 
of the veinlets. These white to light-green areas are usually about 1 to 3 

1 Paper No. 488, University of California Citrus Experiment Station, Biverside, 
California. 

2 Professor of Plant Pathology and Plant Pathologist in the Experiment Station, 
University of California. 

3 Plant Pathologist, Institiito Biologieo, Sao Paulo, Brazil. On John Simon Gug- 
genheim Memorial Foundation Fellowship for research at the University of California 
Citrus Experiment Station, Biverside, 1942. 

4 = a cutaneous disease, the itch, scabies j = state or condition. The name 
was first suggested by Swingle and Webber (14). 
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mm. long and -4 to 1 mm. broad, the long axi>s being parallel with the main 
side Yeins (Pig. 1). They may be very numerons and scattered over the 
entire blade, or they may occur only on certain limited portions of the leaf 
blade. Sometimes only a small percentage of leaves of suitable growth 


Pig. 1 . Some of tlie most common aspects of young-leaf symptoms of psorosis, on 
orange leaves. Even greater variations in size and distribution of the cleared areas than 
here shovm can be found in connection with each of the varieties of psorosis. The young- 
leaf symptoms can therefore not be used to distinguish the varieties. These leaves were 
^ ^ ^ Psorosis A. C and B. Psorosis B. E and 

psorosis. H. Coneave-gum psorosis. Allx 


from trees affected as follows: A and B. 

F. Blind-pocket psorosis, G. Crinkly-leaf 
about f. 

shows these symptoms, but at other times a great majority of the leaves will 
show them. On young, tender leaves, one-quarter to one-half grown, the 
veinlets, as well as tissue adjacent to or between them, may show faint to 
pronounced clearing. It is not uncommon for a leaf or two to show distinct 
symptoms, while other leaves of apparently similar age on the same twig 
or on adjacent twigs show no visible symptoms. 
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Often tlie small flecks are indistinct and fade out gTadiially at the mar- 
gin or coalesce and form a large liglit-green area. Sometinies a clearing 
extending along the veins in the form of a band is the princiixal feature, 


Pig. 2. The zonate or oak-leaf pattern of psorosis on young orange leaves, seen 
especially in the spring and most commonly on trees affected with concave-gum psorosis. 
Leaves in upper row about natural size; those in lower row x about |. Photographed by 
L. J, Klotz. 


Frequently, the cleared region forms a distinct, characteristic pattern known 
as the zonate or oak-leaf pattern (Fig. 2). This is seen in the spring or 
early summer and is inost commonly associated with the concave-gum pso- 
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rosis. At other times of the year, this pattern is not present even on trees 
affected with concave gnni, and the young-leaf symptoms are then indis- 
tingnishable from those of the other psorosis varieties. 

To see these sjnnptoms most readily, the young quarter- to half -grown 
leaves should be shaded from the direct sun and viewed with strong trans- 
mitted light or with the light of the sky coming through the blade. The 
light-yellow to pale-green areas or flecks will show in contrast to the darker 
green of the rest of the blade (3, 4, 5, 6). 

Caution is necessaiy to distinguish between psorosis symptoms and leaf 
injuries caused by tlirips, red spider, small sharp hail stones, minute sand 
grains driven by wind, or the slight rubbing of the leaves against branches, 
all of which may produce markings similar in size to those of psorosis. If 
tlie leaf is turned over slowly in the direct sunlight, such injuries can often 
be detected and discounted. 

As the leaves mature, the cleared areas or young-leaf symptoms caused 
by the psorosis disappear. On the mature leaves, other symptoms, such as 
circular spots, ring spots, concentric-ring spots, gum excrescence, blotches, 
crinkle, variegation, etc., may develop; but since these symptoms are not 
common to all the psorosis varieties, they are not described until later. 

PSOROSIS A 

Psorosis A, which is caused by the virus C/trirfr psorosis var. viilgare^ 
(7, ’8), is by far the most common variety of x>«orosis. Although slower to 
develop deleterious effects and less serious in its effect on a given individual 
tree, psorosis A is responsible for much more damage than is psorosis B. 

The citrus species most severely affected by psorosis A, in respect to bark 
symptoms, are sweet orange, grapefruit, and tangerines, but other species 
show the leaf symptoms. In severity, psorosis A ranges from very mild to 
very severe. Some strains of the virus produce bark symptoms on SAveet- 
oraiige trees within 6 years from the time of budding, while others may take 
15 to 20 years. It is possible that some strains produce only leaf sjunptoms 
and never baxdv symptoms during the usual life of the tree. One form is 
found occasionally on the bark of sour orange, a variety usually resistant 
to bark lesions. Hoav much of this variation is due to difference in virulence 
of strains and how much to differences in host resistance under different 
conditions, is not yet clear. 

Bark Symptoms 

The symptom expression on the bark usually begins either as small scales 
or flakes of outer bark (Fig. 3, B and C), witli or without gum formation, 
or as aggi'egations of small, erumpent pustules (Fig. 3, A), under which the 
tissu(‘ is brown. The scales of outer bark are dry, irregular flakes, about 

p) i Ijj thickness, wdiich separate and ]:)eel aw^ay, exposing the tan- to 

''Citrivir, from citri (Latin genitive of citrus) and mr (stem of -rixtis of 

eitnis; psorosis (Ijatin genitive of psorosis) = at the disease known as psorosis; mil- 
gave - eoinmon. 
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Pig. 3. Psorosis A. Different stages and forms of "bark symptoms on trunks of 
orange trees. A. Early stage: aggregations of small; erumpent pustules — the pimply 
form in central portion, x about |. B. and C. Early stages of sealing. x about 
C, X about 1. D. Later stage of scaling, x about 
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buff-colored surface of the live layer of bark underneath. These scales or 
pustules, as the case may be, usually occur first in localized areas on the bark 
of the trunk or limbs of trees 6 to 12 or more years of age (rarely earlier). 
As the scaling advances (Fig. 3, D), the deeper la^^ers of bark are affected 
by irregular growth and by gum or gumlike deposits. Small or large 
amounts of gum often form, the amount depending upon weather and growth 
conditions and probably upon the strain of the virus (5). The rate of 
sealing varies greatly on different trees and probably represents the differ- 
ential effects of strains. 

The histological aspects of psorosis A in affected bark have been given 
in some detail by Webber and Fawcett (15) and by Fawcett (5). In brief, 
yellow-to-brown contents are first seen in some of the parenchyma cells of 
the phelloderm and of the primaiy cortex of the outer bark underlying the 
affected surface. Later, some of the groups of brown cells near the surface 
are cut off by a phellogen or cork-cambium layer producing phellem or cork 
cells toward the outside and phelloderm on the inside. These outside layers, 
cut off by the cork layer, die and form the dry scales or flakes of bark. 

The increased phelloderm in diseased bark causes excessive thickening 
and frequently contains, in addition to the parenchyma, broken bands of 
enlarged stone cells. After the primary cortex has scaled off, the browning 
continues in the newly formed phelloderm and later extends into the living 
phloem. With further progress, the irregular contour of the cork cambium, 
which continues to produce an abnormal amount of phelloderm, creates pres- 
sures resulting in distortions wdthiii the underlying tissues. Mieroeheniical 
tests of the brown contents in certain parenchyma cells, mentioned above, 
indicate that they may contain phenolic compounds, fatty substances, gum, 
and even ligninlike substances. Gum pockets involving only parenchyma 
tissue occur in thick phelloderm. In badly diseased tissue, the entire cortex 
and most of the phloem may be replaced by a group of wmod cells surrounded 
by cambium. 

Wood Symptoms 

Frimary Lesions, Coincident with or following the development of the 
bark lesions, gum deposits are formed within and between layers of w-ood, 
more or less corresponding to seasonal and annular rings of growth. These 
layers of gum, since they comprise the first visible effects in the xylem 
region, are described as the primary lesions of the wood (Pig. 4). The con- 
tinuous regions of gum are apparently formed by the dissolution of embry- 
onic cells, usually involving only cells betw^een rays. Cells bordering the 
gum regions may be filled with gum. Some cells of wood tissue produced 
at periods of growth when conditions do not favor the formation of gum 
regions, are normal or may contain lignified, thin- walled isodiametrie cells 
with pits showing indistinct borders. Plugging of vessels, due to the 
accumulation of gum in the vicinity of perforated plates, is often seen in 
apparently normal wwd between the gum layers before the secondary 
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lesions develop. The rate of wood growth becomes irregular in some pso- 
rosis lesions (15). 




Secondary Lesions. A number of years after the inception of the bark 
lesions and the formation of the primary lesions of the wood containing gum 
regions, important changes take place in the deeper wood layers. These 
alterations do not usually begin until the lesions have become extensive, 
usually not before the trunk or limb is girdled by the bark lesions, with their 
accompanying primary lesions in the peripheral wood layers beneath. 

In the beginning stage, these alterations, or secondary lesions, are seen 


Fig. 4. Psorosis A. Wood symptoms; primary lesions, A. Transverse section of 
orange brancli, showing overlapping gum layers at the periphery under a bark lesion. 
About natural size. B. Longitudinal radial section, showing successive gum layers under 
a bark lesion, x about 4. 

mostly in the region of the axis of the wood rings and manifest themselves 
by extremely irregular discoloration of the wood, the outlines of which, in 
longitudinal sections, appear to be completely independent of the pattern 
of the wood elements, vessels, parenchyma, or medullary rays (Pig. 5, C 
and D). In transverse sections, however, it is often seen that the discolora- 
tion of the wood, although very irregular, is arranged in a way that suggests 
a relationship with the medullary rays (Pig. 5, A and B) . 

Two very distinct types of discolorations are generally apparent in trans- 
verse sections. The periphery of the discolored areas consists of an irregu- 
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lar, narrow, well-defined, orange-brown or reddish-brown line. Within this 
well-marked limit, the wood is irregularly stained, the predominating colors 
being drab to brown. In portions of the lesion, however, the marginal 
orange-brown line may be very faint or even entirely lacking, and the wood 
discoloration may gradually fade into the normal wood color at the periiDhery 
of the lesion. 

The difference between the tw^o types of discolored wood is well empha- 
sized by examination in the light of an ultraviolet lamp, in which both are 
distinctly fluorescent. The narrow, sinuous marginal line has an orange- 
colored fluorescence especially visible in fresh material. The central, irregu- 
larly discolored portion is light purple or lilac. The fluorescence ma3^ be 
almost completely absent in. the most central parts of the discoloration and 
is extremely intense in the periphery, especially when the marginal line is 
absent. This suggests that the latter is formed later than the central dis- 
colored area, and that it might be the result of a vrood reaction tending to 
seal off the altered wuod from the still normal wood. 

In ver3' advanced eases, the wood alterations are more pronounced ; this 
is usually due to the invasion of the wood by secondary wood parasites. 
These more pronounced alterations are no longer typical of psorosis, their 
characteristics varying according to the nature of the secondary parasites 
concerned. Ordinarily, such alterations are definitely connected with some 
injury, such as the pruning of a limb, in the region of the psorosis lesion. 
The upper surface of horizontal limbs is apparently a region of stress that 
is exposed to different natural or man-made injuries, which open up the way 
for wood-invading fungi. 

The wood discolorations that have just been described are accompanied 
by the formation of gum or gumlike substances in the wood tissues. Part 
of the color is probably due to the gum itself. This gum is especially abun- 
dant in the peripheral orange-colored line, where it pervades all tissues, 
vessels, fibers, parenchyma, and medullary rays. If a tangential section of 
the wood in the region of this line is observed with a powerful hand lens, the 
medullary rays are seen to stand out distinctly as a result of their deeper 
orange coloration. This would seem to indicate that there is more gum 
formed in the medullary rays than in the other elements of the wood. This 
is not the case, however, because in transverse sections the medullaiw rays 
actually appear lighter in color than the other elements, especially the wood 
fibers. This difference in the aspect of the wood elements in the two kinds 
of sections is the result of viewing the gum-filled elements endwise in tan- 
gential sections and sidewise in radial and transverse sections. The orange- 
colored gum pervades, indistinctly, all the wood elements in the region of 

G. Loiigitudinal radial section of an orange trunk, showing -well-developed wood discolora- 
tion. X about f. D. Longitudinal section of orange branch treated with I-KI, showing 
starch present in the normal wood and a starch-free region surrounding the wood dis- 
coloration. X about E. Transverse section from normal wood, showing starch, 
X about 75. E. Wood from region near discolored wood, showing no starch ancf a vessel 
pkigged -with gum. All vessels had gum plugs (see accompanying paper [2], Eig. 1). 
X about 75. 
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tlie marginal line. In tlie central portions of the lesions, there seems to be 
less glim formed than in the marginal line, and the nature of the gum seems 
different, as shown by the differences in coloration when sections are stained 
with the usual gum reagents such as phloroglucin, orciiiol, or Sudan lY. 
Both gums are insoluble in hot w^ater, however. 

"When I-KI (iodine-potassium iodide) is applied to the secondary wood 
lesions, the reaction shows that there is very little or no starch in the dis- 
colored portion of the wood and, further, that starch is absent, or is very 
mucdi reduced, in a more or less extensive region around the discolored por- 
tion, which is not otherwdse differentiated from the normal wood (Fig. 5, D) . 
This starch reaction establishes a usually well-defined boundary outside the 
stained portion and probably indicates the outer advancing margin of the 
altered w-ood. It will be seen later that the starchless area, ■which is unde- 
tectable in inacroseopie appearance from the normal wood, wdll not alloiv the 
passage of water and therefore contributes to decline of the affected trees in 
the same way as the ivood that has already become discolored (2, 12) . 

In microscopical transverse sections of normal -wood treated -with I-KI 
reagent, starch grains are chiefly distributed in three regions — in the medul- 
lary rays and in the metatracheal and paratracheal parenchyma (Fig. 5, E) . 
In these same regions of the discolored portion of the wood, hardly any 
starch grains are seen, and there are only a very few in the contiguous 
region (Pig. 5, P), in wdiich there is no macroscopical starch reaction ivith 
the I-KI test.^ In this uncolored but starchless region, no gum can be 
detected macroscopically ; but in transverse sections, and especially in longi- 
tudinal sections, it is seen that a suffieient amount of gum is formed in 
different parts of the vessels to explain the lack of passage of water in the 
experiment described in the succeeding paper (2) . This gum probably origi- 
nates from the starch (1), and its formation may, therefore, explain the 
decrease in the presence of starch. 

Before the secondary symptoms of the -wood are evident, the top groivth 
and foliage of the tree are usually normal. After the secondary symptoms 
develop, the tree deteriorates rapidly, leaves become small, yelloiv, and few 
in number, and twigs begin to die back. The degree of decline is probably 
nearly proportional to the degree in which the starch-free discolored wood 
and its contiguous region of starch-free nondiscolored wood occupy the whole 
region of ivater-eonducting tissue. It is possible, however, that other fac- 
tors, such as nutrition or toxic products, may also play some part in deteri- 
oration of the tree (2). 

Leaf, Twdg, and Fruit Symptoms 

young-leaf symptoms common to all the varieties of psorosis (Pig. 1) 
have been described earlier in this paper. Occasionally, in severe cases of 
])8orosis A, the flecks or cleared areas on the leaf will persist for a while after 
tlie leaf begins to mature. Oeeasionally, also, circular spots similar to those 

6 Tlio speeimeiis examined were collected during the months of January to May. 
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described under psorosis B develop on mature leaves. Twig lesions like 
those described under psorosis B also develop with psorosis A, but mnch less 
frequently than with psorosis B ; they usually are produced only by virulent 
strains of the virus. Fruit spots and sunken furrows or rings, such as those 
described under psorosis B, are rare. 

PSOROSIS B 

Psorosis B, which is caused by the virus Citrivir psorosis var. aniilaUim'^ 
(7, 8), differs from psorosis A mainly in the production of symptoms on 
mature leaves and on small twigs and fruit, together with the greater extent 
and more rapid development of the bark lesions. The young-leaf symptoms 
are perhaps less common, but they are similar to those of psorosis A. Al- 
though psorosis B is more deleterious to affected trees than psorosis A, the 
number of cases is comparatively few. 

Bark Symptoms 

Bark sealing on the trunk and larger limbs, with psorosis B, is similar 
to that of psorosis A, but gumming is more profuse in advance of scaling 
and less profuse after scaling occurs. Psorosis B also advances more rapidly 
than is usual with psorosis A, generally along one side of a trunk or branch 
(Fig. 6, A and B) and even into much smaller, more recently formed limbs 
and twigs. Elongated strips of bark may be killed through to the wood on 
trunk or limbs, and twigs are killed rapidly. Frequently, the outer bark 
is killed so rapidly that larger, longer flakes or scales are formed than at 
other times. Such large scales, however, may occur also with psorosis A. 

Gumming, splitting of bark, and scaling of twigs of all sizes throughout 
the tree are common accompaniments of psorosis B and help to distinguish 
it from psorosis A, which rarely show^s lesions on very small branches or 
twigs. 

On twigs or water sprouts growing on badly diseased trunks, spots re- 
sembling those on mature leaves, with or without rings, occur on the green 
bark. As the water sprout matures, the raised portions of the spots become 
cork}^ glazed, and hard, and some of the spots resemble those commonly 
produced in leprosis (5, 13). 

Wood Symptoms 

Wood symptoms, both primary and secondary, are also found in psorosis 
B (Pig. 6, C), but the time between the formation of the primary and secon- 
dary lesions in the wood may be much shorter than in psorosis A. No 
distinct differences in wood lesions of psorosis A and psorosis B have been 
observed. 

Leaf Symptoms 

On the young, tender, rapidly growing leaves, up to the time they 
approach the hardening stage, the symptoms are usually similar to those of 

Anrilat urn -with a ring. Tlxis variety so named because of the ring snots which 
form on the mature leaves and on the fruit. ^ 



i? iG. b. Psorosis B on orange. A. Bark lesions on Valeneia-oi: 
branch, showing extensive scaling, x about *. B. Bark lesions oi 
showing scaling and one strip killed to the wood, x about i C ' 
tudinal radial sections showing primary lesions as layers of gum i 
the wood, and a secondary lesion as a region of discoloration deeper 

natural Size, A and B photographed by L. J. Klotz. ^ 
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the other varieties of psorosis but less commonly manifested. The symx3- 
toms on the mature leaves, however, are, for the most part, different from 


Fig. 7. Psorosis B spots on mature orange leaves, showing several patterns. 
X about f. Top illustration photographed by L. J. Klotz. 

those of any of the other psorosis varieties, except in certain severe cases of 
psorosis A, in- which a few mature leaves may have spots resembling some 
of those that are common on psorosis-B trees. 
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The mature-leaf spots are of several kinds (Fig. 7). They range in size 
and appearance from mere dots to large, translucent areas, more or less 
circular and frequently in the form of rings. In the most conspicuous form 
the spots may be lai'ge and may occur on any portion of the blade, often just 
above the petiole and across the entire blade. The central portion of such 
a spot is light to yellowish green, with or without a light-yellow eireular-to- 
irregular border. Some spots may be in the form of single rings, concentric 
rings, or partial rings, occasionally with a tendency to necrosis in a portion 
of the rings. Another form of spot is made up of small, corky, raised areas 
forming a pustule or cluster of gum-filled dots surrounded by a halo and 
simulating certain types of leprosis (5, 13). Some of these raised dark 
areas are due to greater cell division in the tissue below, and to the deposi- 
tion of certain products in some of the layers of cells near the surface. 

In the greenish-yellow areas of mature leaves without pustules, the cells, 
under the microscope, appear normal in size, shape, and arrangement. In 
the pustular, corky areas, however, cork is produced by phellogen layers 
located in the palisade tissue of the upper leaf surface and in the spongy 
parenchyma of the lower leaf surface. The phellogen originates subjacent 
to cells with brown contents. Scattered groups of brown cells are some- 
times seen in the mesophyll (15). 

Fruit Symptoms 

In some fruits of trees infected by psorosis B (very rarely in fruits of 
trees infected by psorosis A), surface rings bordered by sunken grooves 
vai-.yjug in size and pattern sometimes develop. On young green fruits 
circular spots similar to those on mature leaves sometimes occur These 
spots are light green or light yellowish. Sometimes most of the interior of 
the spot lemains green and is surrounded with a yellow or pale-green band 
or nngL A band of narrow concentric rings often occurs, accompanied by 
necrosis, as described for mature leaves. In other cases, especially on grape- 
fruit, large circular grooves, partial circles, or irregular curves where rings 
overlap occur on the rind and often result in a rough, bumpy condition 
(,r )g. Oj. 

concave-gum psorosis 

The most distinguishing features of concave-gum psorosis, which is 
caused by the virus Gitrwir psorosis var. concavum^ (8), are the concavities 
ot various sizes that develop on the trunks and larger limbs. Youno--leaf 
sj^ptoms similar to those of the other varieties of psorosis, are charLter- 
istie of the disease. During certam seasons, usually in the spring the 
young-leaf symptoms of this variety tend to be of the zonate or oak-leaf 
Pattern type (Pig. 2). Although this pattern is not confined to Ws from 
concave-gum trees, it occurs there with sufScient regularity and uniformity 

Dnrmg the and tall, the oak-leaf pattern ie usnaBy 

^ Ooncaintm i^: eouQfi've, 
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Bark Symptoms 

For the most part, a fairly normal bark covers the surface of concavities 
(Fig. 9) of varying sizes and depths on the trunk or large branches. Several 
concavities near together often give the appearance of a flattening of the 
trunk or branch (Fig. 9, A). In the central part of the concavity, or around 
the outer rim, cracking of the bark often occurs, with gum oozing to the 
surface. A small amount of scaling, somewhat resembling that of psorosis 
A, is oceasionally associated with the development of this variety of psorosis. 


^ Fig. 8. Psorosis B on fruits. A and B. Depressed rings or grooves on grape- 
fruit. C and D. Irregular grooves in the rind of oranges, x about i. C and D photo- 
graphed by L. J. Klotz. 

Wood Symptoms 

With concave-gum psorosis, the primary symptoms in the wood usually 
are limited to gum development in a very definite local area just under the • 
concavity; such gum development is rarely extensive. As long as the con- 
cavities remain few, no secondary lesions develop in the wood, and the tree 
appears not to be seriously handicapped in its normal development (5). 
When lesions become very numerous, dwarfing and declining may occur. 

The gumming in the wood vessels in the early stage of this psorosis is 
confined to a very small region, only a few millimeters wide in transverse 
section and slightly more in radial section. This region enlarges gradually 
as the trunk or branch produces new layers of wood, so that in the subse- 
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qiieiit consecutive layers, as seen in a cross section, there is a corresponding 
increase in width of the wood layer in which the formation of gum takes 
place (Fig. 10, A). Usually, however, the gum is confined to the periphery 
of the altered portion of the later wood layers. In the center of the cavity, 
there is little or no gum formation, hut the wood tissues are visibly altered 
and considerably thinner than in the same layer of normal wood outside the 
lesion. This confinement of the gum to the increasing periphery of the 
altered portion in the successive wood layers gives the same kind of over- 
lapping as that occurring in psorosis A and B, previously described (com- 
pare Figs. 4 and 6), but in a more restricted w^ay. Owing to the successive, 
thinner layers of wood formed at the center of the lesion, a depression is 


Pig. 9. Concave-gum psorosis. A. Concavities and suppressed growth in regions on 
orange branches, x about i. B. Concavity on large branch, with a small amount of 
scaling. About natural size. Photographed by L. J. Klotz. 

formed, which increases in size as the trunk or branch develops and finally 
produces the characteristic cup-shape concavity of concave-gnm psorosis. 

In the center and deepest portion of a concave-gum lesion, there fre- 
quently is found a more or less limited region where the tissues have, at some 
previous time, apparently been entirely inhibited, and where there is an 
abundance of gum. In some cases the trace of a dead twig can be detected 
at the same spot. In figure 10, B, which shows a cross section of a limb of 
sw'eet orange about 5 cm. in diameter, conseeutive regions can be detected 
where extrimiely pronounced alterations of the wood took place during the 
early formation of the concave-gum lesion. The first prononnced alteration 
apparently took place wdien the limb was still quite young, and is restricted 
to a portion of the wood layer about 4 mm,, wdde in cross section. A callus 
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Fig. 10. Transverse sections tlirougli concave-gum concavities on sweet orange. 
A. Section from a lesion on the trunk, showing suppressed wood growth at the bottom 
of the concavity and overlapping layers of gum between layers of wood on the sides. 
X li. B. Section from a lesion on a branch, showing two regions of severe injury to 
Avood, followed by the usual development of overlapping gum layers between wood layers 
and a partial recovery at the bottom of the concavity, x 3|. 
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fonn( 3 d and covered this portion, in which the cambium either had been 
killed or, for other reasons, could produce no wood. Later, a new region 
of dead tissue, 14 mm. in width, appeared, but tliis region was subsequently 
covered with wood. From then on, gum formation took place in overlapping 
layers, tlie amount of gum diminishing substantially as new layers were 
formed. 

BLIND-POCKET PSOROSIS 

This variety of psorosis is caused by the virus CUri/vir psorosis var. 
al^veatufif (8). It appears on the trunk and large limbs of the tree in two 
forms : tlie most common form is a troughlike pocket in bark and wood ; the 
other is eruptive, with bark scaling. The young-leaf symptoms are similar 
to those of the other psorosis varieties; no symptoms on mature leaves have 
thus far been observed. 

Bark Symptoms 

Tlie bark in the noneruptive form of blind-pocket psorosis is usually 
normal in external appearance on the irregular surfaces of the narrow 
troughlike depressions. These lesions are often only 1 to 2 inches in length, 
but sometimes in older trees several lesions may run together to form much 
longer depressions or furrows (Fig. 11, A). The pockets usually differ 
from those of concave-gum psorosis in that they are narrower, more abruptly 
depressed trouglilike depressions, frequently with two almost straight or 
even convex sides coming together at an acute angle at the bottom. In this 
angle at the bottom of the pocket or troughlike depression, the bark often is 
compressed or pinched by the growth of the wood on the two sides. The two 
sides sometimes grow together at the angle and leave a line of buried bark 
below. The bark often partially fills the depression and becomes thicker 
than the normal bark. Some eases of blind-pocket psorosis show longer or 
shorter depressions than others, with less abrupt slopes more nearly resem- 
bling those of the depressions of concave-gum psorosis, but distinguished 
from tliat variety by the difference in wuod symptoms. 

The eruptive blind pocket (Fig. 11, B) usually occurs within an area 
occupied by several blind pockets. It somewhat resembles bark lesions of 
psorosis A, for which it is easily mistaken. The scales of bark are much 
thicker and are usually larger than most of tliose of psorosis A. The possi- 
bility that such cases may be a mixture of blind-pocket psorosis and pso- 
rosis A is being investigated. 

Wood Symptoms 

Se(‘()udary wood symptoms consisting of internal wood discolorations are 
rartdy prodiu-ed by blind-pocket psorosis. The primary symptoms in the 
wood adjacent to the pockets consist in altered tissue varying in color often 
from yellow to ocherous-salmon. This tissue is composed of a rather loose 
wood parenchyma, often impregnated with either a waxy or a gummy sub- 
5* -IujIIowchI oxit lifee a trougli. 
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stance. The apparent point of origin may be found 1 to 2 inches below the ' 

bottom of the pocket. Only rarely is g'lini exuded to the surface at the : 

bottom of these pockets. : 



Fia. 11. Blind-pocket psorosis. A. Trouglilike depressions or i^ockets on the trunk 
and main branches of an orange tree. B. Eruptive form of blind-pocket psorosis, show- 
ing thick scales of bark in region of pockets. Photographed by L. J. Klotz. 

A cross section of a lesion shows that there is no considerable increase in 
the extent of the diseased portions of the suceessiYe wood layers; there is, 
however, a marked increase in the intensity of the effect. The affected por- 
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tion produces only an extremelj^ thin layer of wood, as compared with the 
thickness of the same layer on either side of the affected portion (Fig. 12, A). 
In radial sections the lesion is seen to be elongated, often 3 to 8 cm. in length 
(Pig. 12, B). As an increasing number of wood layers are thus affected. 


~ £ 

a deep depression is produced, corresponding to tlie narrow, elongated regioi 

where tl,e wood layers are extremely thin or are replaced by the loose tvooc 
paroiiehyrna. 
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COMPARATmE ASPECTS OF PRIMARY SYMPTOMS IN WOOD OF PSOROSIS A, PSOROSIS B, 
CONCAVE-GUM PSOROSIS, AND BLIND-POCKET PSOROSIS 

A comparison of the primary lesions in the wood in cases of psorosis A, 
psorosis B, coiicave-giini psorosis, and blind-pocket psorosis, shows that, in 
a broad aspect, they differ chiefly in the extent of the alteration produced 
(12). Ill each of the 4 varieties of psorosis, the wood lesion apparently 
results from an alteration at or near the cambium in the affected region. 
For some reason not yet well understood, the cambium in that particular 
region ceases to produce normal wood. 

With blind-pocket psorosis (Fig. 12, A and B), the alteration of the 
cambium is intense in its effects but limited in area. With psorosis A 
(Fig. 4), and generally with psorosis B (Fig. 6, C), the alteration of the 
cambium occupies an oval area, which progressively increases in size. The 
effect ill the wood is a gummous degeneration of the vessels and other ele- 
ments of the wood, leading to the formation of gum. With concave-gum 
psorosis (Fig. 10), the alteration in the wood near the cambium is intermedi- 
ate between that of psorosis A or B and that of blind-pocket psorosis; 
although there is a progressive increase in the area affected, it is not so 
rapid nor so extensive as in psorosis A or B. The similarity in the nature 
of the overlapping layers of gum in psorosis A and in concave-gum psorosis 
is apparent when the figures are compared. The only real difference is the 
much greater extension of the layers with psorosis A or B. 

This comparatively rapid extension of the layers of gum in psorosis A 
and B, closely following the extension of the bark lesion, eventually involves 
the whole, or a large area, of the circumference of the trunk, limb, or branch. 
When this occurs, there is a girdling effect, its severity perhaps being in pro- 
portion to the extension of the bark lesions, and to the completeness of the 
walls of gum within the outer wood layers. 

The differences between concave-gum and blind-pocket psorosis might be 
considered greater than those indicated in the above comparison, because 
with the latter variety of psorosis, layers of gum usually are not formed in 
the wood. At times, however, it is difficult to distinguish between the lesions 
of concave-gum and blind-pocket psorosis, especially when conditions are 
more or less intermediate between the two extreme eases described. One 
such intermediate ease is shown in figure 12, C ; it was at first difficult to 
decide whether this w^as blind pocket or concave gum. The lesion appar- 
ently started in a way typical of blind pocket, but after a number of layers 
of w^ood had been formed without appreciable increase in the size of the 
affected portion, growdh continued in a way usually observed in connection 
wuth concave gum. 

Figure 12, G, shows that these gum layers are genei’ally more pro- 
nounced in the portion of the wood layers that are formed early in the spring, 
where, ill specimens of healthy wood, the vessels are more numerous and 
of greater lumen, and where the starch-filled wood parenchyma is more 
abundant. 
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Tlie similarity iix the jxrimaiy lesions of the wood in psorosis A, psorosis 
B, concave-gTim psorosis, and blind->pocket psorosis is a further evidence of 
the relationships between those diseases, alread}^ indicated by the similarity 
of their young-leaf symptoms. 

CRINKLY-LEAP PSOROSIS 

Crinkly leaf (5, 13), seen principally on lemons, appears associated -with 
psorosis in the following ways : If sweet orange is used as the rootstock, the 
orange stock of the affected tree, as it becomes old enough, will have bark 
symptoms, usually of psorosis-A type, while the young lemon leaves of the 
top, as w'ell as the young orange leaves from rootstock suckers, wdll have both 
crinkly leaf and the young-leaf symptoms typical of the psorosis varieties. 
The lemon part of the tree does not develop bark lesions ; neither does the 
lemon part develop wood lesions, unless these first originate in the sweet- 
orange stock and advance into contiguous lemon wood. 

These crinkly-leaf and young-leaf symptoms have been transmitted by 
budding and bark grafting from lemon to lemon and from lemon to orange, 
in the same manner as has psorosis A. But, while strains of psorosis A are 
nearly always associated with crinkly leaf, a condition suggesting that 
crinkly leaf may be a symptom of psorosis A, not all strains of psorosis A 
are found to induce crinkly leaf on lemons. 

There are at least 3 possibilities in the relationship of crinkly leaf to 
psorosis: (a) that it is a manifestation on lemon of the presence of a strain 
of psorosis A; (b) that it is caused by a mixture of the psorosis-A virus and 
some other virus variety; and (c) that it is due to a distinct variety of pso- 
rosis virus. In the present uncertainty as to relationship, no distinct virus 
name is employed. 

In some eases there appears to be a greater tendency for large, longi- 
tudinal cracks, knowm as growth cracks, to form in the bark of affected lemon 
trees than in corresponding psorosis-free lemon trees, but the connection of 
such symptoms with psorosis is nneonfirmed. The presence of shell bark 
(5) on lemon bark should not be interpreted as showing the presence of 
psorosis virus. Shell bark somewkat resembles bark symptoms of psorosis. 
The former is caused by the fungus Phomopsis citri and shonld not, there- 
fore, he mistaken for a symptom of psorosis. So far as is known, crinkly 
leaf is not accompanied by any distinctive bark or wuod symptom. 

Leaf and Frnit Symptoms 

The young-leaf symptoms or small cleared areas observed on immature 
leaves in connection with crinkly leaf on lemon, are similar to the young-leaf 
symptoms of psorosis on orange. The mature leaves, and sometimes the 
young leaves, show^ a warping and pocketing that appear to he due to irregu- 
larities in growth in different areas or parts of the leaf blade (Fig. 13). 
Thickening and dwarfing of the leaves occur frequently, but not ahvays. 
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The leaf effects eaused by the bud mite, or other insects, resemble but should 
not be mistaken for true crinkly leaf. 

The expression of the crinkly-leaf symptom varies on different branches 
and in different growth cycles. Sometimes the leaves of one cycle show 
severe pocketing and crinkling, while those of the next show this but slightly. 



Fig. 13. Orinkly-leaf psorosis on lemon. Leaves with variegated light areas and 
crinkled, warped blades; lemon fruits coarse and rough. Note flecks in young leaves 
(upper left) and bumps on young fruit (upper middle), x about |. Photographed bv 
L. J. Klotz. o j. . 

Certain branches or leaves may show it severely ; others, only slightly or not 
at all. Orange leaves are usually resistant to the crinkly-leaf effect,,although 
they frequently show a slight crinkling. 

The fruits on lemon trees affected with crinkly leaf usually tend to be 
coarse and rough, the fruit surface, in severe eases, being covered with 
irregular bumps (Pig. 13). Only occasionally have ring spots been found 
associated with crinkly leaf. 
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INFECTIOUS VAEIEGATION, ASSOCIATED WITH CRINKLY LEAP 

Infectious variegation (11) is characterized by large, irregular chlorotic 
areas, white to yellowish white, which give the leaf blade a variegated ap- 
pearance (13). This disorder has been transmitted along with the crinkly- 
leaf condition from lemon to lemon, from lemon to sour orange, and from 
lemon to sweet orange. All cases of infectious variegation seen so far on 
lemons in California, have been associated directly with crinkly leaf; it is 
possibly a phase of the latter. Striking examples of infectious variegation, 
from a lemon tree having crinkly leaf, are shown in figure 13. Several other 
erinklj'-leaf strains have occasionally developed symptoms typical of infec- 
tious variegation along with the crinkly-leaf symptoms. Shoots with varie- 
gated leaves alternate with shoots showing no variegation. There is not 
sufficient evidence to separate, definitely, infectious variegation and crinkly 
leaf; the former will, therefore, be considered, tentatively, an occasional 
SYmptoin associated Avitli a crinkly-leaf complex. 

OTHER DISORDERS POSSIBLY DUE TO VIRUSES 

Several abnormalities on citrus, whose transmission has not yet been 
satisfactorily proved, but are suspected to be due to viruses, are described. 
It should not be inferred that, because they are included in the present paper 
on psorosis varieties, they have been proved to be a part of the psorosis 
group. It is possible, however, that further study may show some of them 
to belong to this group. 

Corky Bark 

Corky so termed because of the development of corklike eruptions 

111 the bark, takes on various forms, which are accompanied by varied effects 
on the tree itself. Gumlike substances are usually mixed with the eorklike 
cells of these lesions, and the wood underneath may also be affected. 

Leaf p’mptoms similar to those due to psorosis have been observed on 
3 of the following forms of corky bark, as indicated; but the observed trees 
of the other 2 forms were not in a suitable condition of growth to determine 
leaf symptoms. It has not yet been determined whether or not the leaf 
symptoms observed are connected with the corky-bark disorders. 

Necrotic-cavity Corky Bark. This type of corky bark, found by J. C. 
Perry on Valencia-orange trees, resembles psorosis in some respects. The 
lesions are in the form of necrotic cavities, the margins of which are com- 
prised of corky, raised tissues impregnated with hard, vitreous, gumlike 
material, and small scales or flakes of bark. The bark in the bottom of cavi- 
ties is dead and may crack off in flakes. 

Crmnbly-gnm Corky Bark. Corky bark of this type occurs on orange 
trees in irregular, eruptive, gall-like formations and ridges, in most of which 
gum and broken tissue together form light-brown crumbly masses extending 
out from the surface (Fig. 14, A) . In larger, older lesions, the wood tissues 

The term corky 'bark was first used by ,T. G. Perry of the East Hip-hl-mrl 

ompam, is, in the present papetj called ^ 
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Pig. 14. Corky bark and knobby bark. A. Crumbly-gum corky bark, with erupted 
bark and brown gum intermingled. B. Banded corky bark on Valencia orange, showing 
raised horizontal bands of corklike eruptions. C. Circular-spot corky bark on navel 
orange, showing circular regions of erupted, corklike layers of bark, I) and E. Tattoo - 
netted corky bark on Valencia orange, showing the irregular areas of erupted bark often 
suggesting a kind of tattoo. P. Knobby bark on branch of navel orange, each knoblike 
projection consisting of a gnarled, spherical wood interior covered with slightly altered 
bark. A to E, x about f; P, x about D and E photographed by L. J. Klotz! 
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coiitaiii dead portions and grow in an irregular, twisted, gnarled manner 
with nincii mixing of bark and wood in the center. Gum forms in layers in 
the wood as in psorosis. In some gall-like lesions, 10 to 12 imn. in diameter, 
ahiiormal wood grows into bndlike projections, greenish at the periphery but 
necrotic within. Young-leaf symptoms similar to those of psorosis have 
been found on affected trees. 

Banded Corky Bark, This form of corky bark, found by I. B. Suryieh 
on Valencia orange, appears as raised bands of corky eruptions extending 
horizontally around, or part way around, the trunk or limb of the tree. 
These may occur as narrow horizontal bands or ridges, 1 or 2 mm. wide and 
the same distance apart, over an area several inches long, as shown in figure 
14, B. Layers of gum alternating with layers of -wood occur direetl}’- inward 
from the bark lesion and extend somewhat beyond the margins of the lesion. 

Circnlar-spot Corky Bark. The circular regions of erupted, corklike 
layers of bark formed in this type of corky bark are shown in figure 14, C. 
Circular-spot corky bark has been found on navel-orange trees and bears a 
remote resemblance to some types of psorosis A. 

Young-leaf symptoms vsimilar to those of psorosis A have been found and 
have been transmitted. More time is necessary to determine whether the 
bark symptom is also transmitted. At the periphery of the lesions, seg- 
ments of corklike projections, some of which are 4 to 5 mm. in height, are 
formed. Each segment shows closely set layers. Sometimes the oldest part 
of the segment is turned back against the bark. The middle of the lesions 
also remains rough, the older projections having sloughed off. Other cases 
of circular-spot corky bark have concentric ridges of slightly raised corky 
tissue. Wood lesions are present beneath the bark lesions and are not unlike 
the primary lesions of psorosis A, with overlapping layers of gum. 

Tattoo-netted Corky Bark. The irregular, elongated areas, spots, and 
ridges of corky bark sometimes found on trunk and limbs of Valencia-orange 
trees, often forming patterns (Fig. 14, D and E), suggested the name tattoo- 
netted.'^^ Branch growth of affected trees often shows curved twigs and 
shortened nodes. Young-leaf symptoms similar to those of psorosis occur 
on some trees and have been transmitted by tissue fusion. Badly diseased 
trees often have eruptive areas similar to those of psorosis A, with primary 
and secondary lesions in the wood or areas resembling eruptive blind pocket. 

Knobby Bark 

Knobby bark^“ is a condition distinguished by the presence of knobs or 
hard, gall-like projections covered with nearly normal, unbroken bark. These 
knobs are of various sizes, ranging from 1 to 2 inches across and projeetiiig 
I to I inch or more from the usual contour of the bark. An example of 
oeeurrence was that on a navel-orange tree, on branches 1 to 3 inches in 
diameter (Pig. 14, F). The bark over these knobs is about the same thick- 

a'he name first suggested for tins disorder by I. B. Suryieli. 

12 Found and named by J. C. Perry of the East Highland Orange Company. 
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ness as in other areas. The hard, firm wood tissue underneath the knobs 
is more easily cut than normal wood, is light-brownish, and occurs as a 
spheroid core extending down into, or embedded in, the normal wood. It is 
separated from the normal wood by a definite margin and leaves a crater- 
like opening when cut out. This abnormal spheroid region of wood tissue, 
the knob, shows growth in circles and curves, with a light, gumlike sub- 
stance within. No young-leaf symptoms were seen on trees with knobby 
bark. 

SUMMARY 

The term psorosis is expanded to include a group of similar disorders on 
citrus, previously considered to be the effects of different diseases, but now 
thought to be due to varieties of one virus, CitfHvir psorosis. 

The varieties of psorosis, accordingly, now include psorosis A, psorosis B, 
concave-gum psorosis, blind-pocket psorosis, and crinkly-leaf psorosis. 

All these varieties of psorosis have, in common, a mosaiclike symxffom in 
young leaves, characterized by white to yellowish flecks in the region of the 
veinlets or cleared bands along the veins and veinlets. These varieties also 
have fundamentally similar alterations in the wood producing the primary 
symptoms. 

Psorosis A and B, caused by Citrivir pjsorosis var. vulgare and C. psorosis 
var. anulaimm, respectively, show the following symptoms in addition to 
young-leaf symptoms: (a) bark lesions, characterized by a scaling of the 
outer bark in dry, irregular flakes, or by erumpent pustules; and (b) wood 
lesions of two kinds : primary lesions near the cambium, consisting of layers 
of gum between layers of wood directly under the bark lesions ; and secon- 
dary lesions consisting of discolored wood, usually farther inward. The 
regions of the secondary lesions and contiguous regions of nondiscolored 
wood are devoid of starch and are impermeable to the passage of water. 

Psorosis B differs from psorosis A in having more rapidly developing 
and more continuous areas of bark sealing, in having numerous twig lesions, 
and in having, on mature leaves and on fruit, ringed spots, which rarely 
occur with psorosis A. 

Concave-gum psorosis, caused by Citrwir psorosis var. concavum, is 
characterized by the development of concavities due to the inhibition, or 
slowing domi, of wood growth in localized regions of the trunk or large 
branches. Gum layers formed in the wood in this type of psorosis are 
similar to those of psorosis A and B but more localized. 

Blind-pocket psorosis, caused by Cit7ivir psof'osis yslt. alveaUim, usually 
appears as troughlike depressions in trunk or limbs, due to inhibition of 
wood growth in even more localized and restricted regions than in concave- 
guin psorosis. The sides of the depressions may be straight or convex. 
Underneath the lesion, the loose wood parenchyma is usually impregnated 
with either a waxy or a gummy substance. 

The primary lesions in the wood of the 4 preceding varieties, considered 
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m broad aspect, have similar features and differ chiefly in the extent of 
alterations of the wood. In blind pocket, the alteration is intense but nar- 
rowly Realized ; in concave gum, less intense but somewhat spread ; while in 
psorosis A and B, the alteration is spread out over large regions and may 
have even a girdling effect on trunk and limbs. 

Crinkly-leaf psorosis is evident mainly on lemons and develops, in addi- 
tion to the young-leaf symptoms, a warping and pocketing of mature leaves. 
The fruit is usually rough and coarse with irregular bumps. There are no 
distinctive bark or Avood S3miptoms. 

Infectious variegation, which is characterized by irregular chlorotic 
areas on the leaf blade, appears occasionally on lemon leaves. Since there 
is not sufficient evidence to, separate infectious A^ariegation and crinkly leaf, 
the former is tentatively considered an occasional sjuiiptom associated AAuth 
a eriiikly-leaf complex,- both, Avhen they occur, are usually found associated 
Avith psorosis A. 

Other possibly virus effects, Avhich may be related to the precediiio- pso- 
rosis varieties, are corky bark and knobby bark. Five kinds of corkA^bark 
have been observed: (a) necrotic-cavity, (b) crumbly-gum, (c) banded (d) 
circular-spot, and (e) tattoo-netted. 
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THE EELATIONS OF WOOD ALTERATIONS IN PSOROSIS OP 
CITRUS TO TREE DETERIORATION^ 


A. A. Bitancourt,2 H. S. Fawcett,3 and J. M. 

W A L L A C E 4 

(Accepted for publication March 3, 1943) 

INTRODUCTION 

In a description of the symptoms of the diiferent varieties of the psorosis 
of citrus, Fawcett and Bitancourt (6) point out that in psorosis A and 
psorosis B, caused by the 2 virus varieties Citrivir psorosis var. vulgare and 
C. psorosis var. anuldtum^ respectively (4, 5), there are, in addition to bark 
lesions, 2 types of wood lesions, primary and secondary. 

The primary lesion forms in the wood soon after and almost coextensively 
with the lesion in the bark, and is characterized by gum layers between 
layers of either normal or altered wood. The secondary lesion appears to 
begin in older, more interior wood only after a considerable period of time, 
usually several j^ears after the inception of the bark lesion and the primary 
wood lesion. The secondary lesion is marked hy an irregular discoloration 
of the inner wood (3), with wood vessels partially or entirely filled with 
gum, the amount depending on the stage of development of the lesion, and 
by an absence of starch in both the discolored wood and a contiguous border 
surrounding the discolored area. The starch-free border follows almost ex- 
actly the pattern shown by the outer margin of the discolored part of the 
wood and also shows gum-plugged vessels. However, most wood vessels in 
the tissues contiguous to the discolored wood show accumulations of small 
quantities of gum on one or both sides of the perforation plates, as described 
earlier by Webber and Fawcett (8). This type of plugging is shown in 
figure 1, B and D. The gum plugs seem to be contemporaneous with the 
disappearance of starch and probably are derived from it (2). This secon- 
daiy lesion of the more interior wood may finally extend until it includes 
the primary lesion near the bark. The degree of involvement of all the 
wood appears, in general, to be correlated with the degree of deterioration 
of the tree or part affected. 

These wood alterations are accompanied by retarded growth and pro- 
gressive deterioration of the branches and foliage. The growth of new twigs 
is less vigorous, the foliage becomes gradually less dense, the leaves become 
smaller and fall prematurely, and the twigs usually die back after many 

1 Paper No. 491, University of California Citrus Experiment Station, Eiverside, Cali- 
fornia, Presented at the Pacific Division of The American Phytopathologieal Society, 
Salt Lake City, Utah, June, 1942. The joint work reported in this paper was done during 
the tenure, by the senior author, of a John Simon Guggenheim Memorial Foundation Fel- 
lowship for research at the University of California Citrus Experiment Station, Riverside, 
1942. 

2 Plant Pathologist, Instituto Biologieo, Sao Paulo, Brazil. 

3 Professor of Plant Pathology and Plant Pathologist in the Experiment Station, 
University of California. 

^ Associate Plant Pathologist in the Experiment Station, University of Calif oriiia. 
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\ Transverse section of wood of healthy orange tree, x 40 . B Transver 
of psorosis-affected orange tree, showing gum plugs in xylein vessels ' 

T/o”" V YT C-Vangen^tiTsTetioTof wXd , 

™od at perforation plates of xylemCseTs SeetioLS 

uood tree of discoloration but near secondary lesion. x 40 . ^^ecrionea iro 

Cseveval years in most eases) before any marked deterioration in growth c 
foliage takes place. It is only after the secondary wood lesions appear, wit 
he visible diyioloration of the wood in the interior of the trunk or branehe, 

tluit noticeable deterioration takes place. 

Til IS paper presents the results of a study of wood alterations in relatio 
to deterioration of psorosis-affected citrus trees. 
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leaves liave been shed. Oceasionally, individual branches die rapidly, and 
the leaves dry before they are shed. Even when the branch or trunk dies 
back to the discolored region, the roots remain alive and tend to send up 
new shoots. 

Observation of many citrus trees has shown that the psorosis bark lesions 
and the primary lesions in the wood may be present for a considerable time 
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WATER-CONDUCTION EXPERIMENTS 

The iiiYestigatioiis of Webber and Fawcett (8) and of Fawcett and 
Bitancourt (6) disclosed that the xylein vessels of tissues in the vicinity of 
psorosis lesions Avere commonly filled or partly plugged with gum. This sug- 
gested that the deterioration of affected trees might be due to an insufficient 
conduction of Avater through the affected parts to the upper portions of the 
trees. Experiments Avere undertaken to determine the effect of primary and 
secondary lesions on Avater conduction through citrus AAmod. 



Fig. 2 . Longitudinal (A) and transverse (B) sections of a block of orange trunk 
wood liaving a secondary lesion in tlie wood. The lower portion of the block had been 
dipped in an 0.5 per cent aqueous solution of safranin for a period of 7 hours. Later, the 
whole block was treated with the I-KI test for starch. Safranin stain, which penetrated 
the starch-eontaining regions of the healthy wood, is seen as the darkest area in the lower 
right portion of the longitudinal section (A) and as the darkest area in the transverse 
section (B). The irregular, starch-free, discolored areas of the secondary lesion, at the 
left, are shown surrounded by the Hgliter, starch-free portions of the lesion. Natural size. 

Preliminary Experiments 

In preliminary experiments, the regions of the Avood where the passage 
of Avater is likely to take place in diseased specimens, were determined by 



868 


Phytopathology 





tile staining of wood elements -with 0.5 per cent aqueous solutions of acid 
fuelisin or saf ranin. 

Figure 2 shows longitudinal and transverse sections of a block of trunk 
wood, the lower end of wFich was maintained in a solution of safranin for 
over 7 hours. The solution was absorbed into the wood by capillarity and 
penetrated the wood vessels approximately If cm. In some vessels, how- 
ever, the stain penetrated up to 4 cm. When the I-KI (iodine-potassium 
iodide) test for starch wa| applied to the same section, it was seen that the 


section of an orange branch, showing secondary lesions- The con- 
tinuous dark portion (at the left and bottom) shows the presence of starch in the unaf- 
f^ted wood, as determined by the I-KI test. The irregular dark patches surrounded by 
white constitute the regions of the secondary lesions. Starch is absent or slight in these 
regions, and the passage of water is blocked. About natural size. ^ 

regions that the safranin solution had failed to penetrate were those showing 
little or no starch present. These were the regions of the visibly affected 
secondary lesions and the starch-free regions around them. This indicated 
that water passage was being interfered with in the discolored portion of the 
wood of the secondary lesion and also in a contiguous region, which could 
be revealed only by the absence of reaction in the I-KI test for starch. For 
example, in a section such as that shown in figure 3, treated with T-TTT 
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portions of the secondary lesions, wliicli show as white areas intermixed with 
irregular dark patches. 

In other experiments, a solution of acid fuchsin was drawn into the cut 
branch or wood block by dipping one end into the solution while maintain- 
ing a partial vacuum at the other end.^ In most experiments, sections of 
branches, or wood blocks, 5 cm. long were used. 

These tests, like those of Villiers (7), indicated that in normal, healthy 
wood there was very little lateral movement of the stain. Most of the 
passage of aqueous stain took place in the peripheral region of the wood. 
The smaller, central portion allow’-ed less stain to pass. The visibly affected 
wood allowed no stain to pass, and the adjacent wood usually acted in the 
same manner. For example, figure 4, A, sho^vs the movement of the acid 
fuchsin stain in a block 7^ cm. in diameter and 5 cm. high, taken within close 
proximity to a discolored region of a secondary wuod lesion. The effect of 
the I-KI test for starch is shown in figure 4, B, a seetioii cut from wood con- 
tiguous to that shown in figure 4, A. The region of passage of acid fuchsin 
solution is seen to be identical with that of the positive starch reaction. This 
experiment also showed that passage of w^ater was blocked in the discolored 
wood of the secondary lesion and in the contiguous starch-free wood. It 
may be concluded that the conducting yessels in these portions had been 
clogged. 


TABLE 1. — Time required for passage of the first S cc. (of 8 cc.) of water through 
each of three portions of a healthy hlock of wood 5 cm, in length j in five successivo runSf 
under suction equivalent to four- fifths of an atmosphere 


Location 
in block 

Successive runs 

1 

2 

3 

4 

5 


Seconds 

Seconds 

Seconds 

Seconds 

Seconds 

£l 

42 

48 

56 

75 

103 

b 

26 

30a 

35 

55 

75 

c 

53 

58 

70 

107 

130 


a Interpolated. 


In order to obtain a measure of the extent to w^hich the wood alterations 
interfere with the passage of water, experiments were made in which a given 
number of cubic centimeters of -water were drawn through specific portions 
of 5-cm. sections of branches or blocks of trunks and large limbs of affected 
trees. One end of the block was placed in water ; at the other end a suction 
equivalent to approximately four-fifths of an atmosphere was maintained. 

It is known that the amount of water or other fluids that can be passed 
through wood by forcing the fluids under pressure, or by suction at one end, 
the other end being immersed in the fluid, is extremely variable (1). There 

5 In this and following experiments, one end of the eut branch or wood block was 
dipped in water or stain solution, the free surface of which was, of course, at atmospheric 
pressure. A suction corresponding to approximately 60 cm. of mercury was then applied 
to the other end. This suction produced a difference of approximately four-fifths of an 
atmosphere of pressure. 
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Ihn ae'conilary wood lesion. ’ Natural^Ite.’^^^^ ^ proximity t. 
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is a considerable decrease in the rate of flow with time, even during* tlie short 
period involved in experiments in which only a few cubic centimeters of 
fluid are passed through the wood. 

The results of one experiment with a healthy block of wood, 7| cm. in 
diameter and 5 cm. in length, are presented in table 1. In this experiment 
the time required for the first 3 cc. (of 8 ee.) of water to pass through each 
of 3 specific portions of the block, in 5 successive trials, was determined. 
The water was drawn through at 3 different places, each ap|)roximately 
1 sq. cm, in area, on the surface of the block, near the bark. A difference 
of about four-fifths of an atmosphere was maintained in the pressure at the 
two ends of the block. It is apparent that the time required for water 
passage consistently increased with each successive trial, until in the fifth 
trial the time required Avas between two and three times that of the first 
trial. This table also shows that there is a considerable variation in the 
amount of water that can be drawn through different but similar portions 
of the same block of healthy wood, in a given period of time. There is also 
a distinct relationship between the amount of water passing in a given time 
and the width of wood layers: the wider the wood layers, the larger the 
amount of water passed. The difference between narrow and broad wood 
layers is shown in figure 6, A. 

Water Conduction in Wood Having Primary Lesions Only 

Eesults of an experiment in which water was passed through two 5-em. 
sections cut from a psorosis-infected branch 2.5 cm. in diameter, are shown 
ill table 2. One of the sections had a bark lesion, with its accompanying 

TABLE 2. — The effect of harT and primary lesions 07i the rate of water passage, 
under suction equivalen/t to four-fifths of aii atmosphere, through two sections of wood, 
each 5 cm, long and about cm. in diameter, cut from the same branch of a psorosis- 
infected tree (expermefit conducted as shown m Fig. 5) 


Amount 

of 

watei’ 

passed 

Wood without lesions 

Wood with lesions 

Successive runs 

Successive runs 

2 

3 

4 

2 

3 

. ■ 4, 

cc. 

Seconds 

Seconds 

Seconds 

Seconds 

Seconds 

Seconds 

1 

23 

42 

49 

61 

154 

225 

2 

65 

84 

111 

119 

291 

505 

3 

106 

140 

171 

194 

445 

740 


primary wood lesion ; the other, cut beyond the lesions on the same branch, 
was lesion-free. Here again, the time required for the passage of equal 
amounts of water increased with each •successive trial, the fourth trial re- 
quiring one and one-half to twice as much time as that of tlie second run 
in the lesion-free section. The fourth trial with the lesion-affected section 
required about 4 times as much time as the second trial with this same 
section. Although there was no evidence of a secondaiy lesion in the lesion- 
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affected block, the difference in the rate of water passage through the two 
blocks, throughout the experiment, was very marked. However, even though 
water was retarded by the bark lesion and primary wood lesion, the redim- 

tion in water passage was not sufficient to cause marked deterioration in such 
a branch. 

ibis experiment shows that, if the amounts of water that can be passed 
through different specimens of citrus wood, or even different parts of the 
same specimen, are to be compared, not only should the same suction be 
applied, but other factors, such as the places where the suction is applied 
the amount of water to be drawn, and the amount of water just previously 
drawn through, should be taken into consideration. In order to avoid the 
errors due to the extremely variable rate of flow resulting from these fac- 
tors, most of the following experiments were made comparatively Com 
parable sections of branches or blocks of wood, healthy and diseased, were 
collected on the same occasion and were cut and prepared in the same wav 
Water was drawn through these sections simultaneously, in the same appa- 
ratiis, with the same cliifex*eiiees in pressure. 

=="iaSSS-~'5«iFSa 


Bate, 

1942 


Maj 11 
May 13 
July 14 
Aug. 12 


Experiment 

No.a 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


Wood without lesions 


Seconds 

20 

22 

28 

31 

43 

57 

19 

55 

63 

10 

17 


Wood with lesions 


Seconds 

32 

30 

24 
6-4 
66 
44 

25 
129 

82 

55 

80 


Bhntt-inl Lar^l^onf o?'^rosis othef fr™ portion of a braueh 

Zd pZ T T W 2 to 3 cm. 

lameter I lepared sections were paired, one section of each pair being 

from a pytion of the branch showing a bark lesion of psorosis I and the 

other secdion from a portion having no bark lesions. A glass tit T2 cm 

Tat r ^'^ction with Duco cement, and the 

1 ^ r + i ^ water. The same suction w'as applied simultane 

ously to the glass tubes by means of a U tube, as shown in fio,u-e 5 The time 

rcoirni W water to fl,r„„g,. the seotimis and to rZra 10 !' Ck 
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was tlieii recorded. The time is shown for 11 pairs in table 3. In some of 
the experiments where suction was not applied simultaneously, the affected 
and nonaffected sections of the pairs were tested under approximately the 
same conditions of pressure, the test of one section quickly following that 
of the other. 

In these tests, with two exceptions, water passed through those sections 
having bark and primary wood lesions but no indication of secondary lesions, 


Fig. 5. Apparatus for drawing water through sections of healthy (left) and diseased 
(right) branches, in pairs, under the same suction. Note difference in water level under 
same suction. 

somewhat more slowly than through corresponding sections cut from the 
same branch or set of branches, but without bark lesions. Although this 
indicates a tendency for water to be retarded in the wood vessels adjacent 
to or under the bark lesions, the retardation of water, obviously due to the 
primary lesion alone, is insufficient in most cases to cause apparent injury 
to foliage and fruit. This agrees with most field observations, that no 
marked deterioration of the tree occurs, even with bark lesions present, so 
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long as no interior discoloration of wood, characteristic of secondary lesions 
is present. The slight or partial retardation in water passage shown in 
table 3 probably results from the initial gumlike deposits between the outer 
layers of wood and from some gum plugs in wood vessels in the primary 
lesions. SufSeient normal or unaffected wood is laid down to allow enou^'h 
water to pass to meet the requmements of the tree. 

Water Conduction in Wood Having Both Primary and 
Secondary Lesions 

The following experiments w’ith wood having secondary lesions of starch- 

free, gum-plugged wood indicate the main reason for rapid deterioration of 
the tree. 

Experiment 1. Experimental material was taken from a psorosis-in- 
feeted Valencia orange_ tree. Sections 5 cm. in length were cut from 
branches 2 to 3 cm. in diameter, showing severe interior discoloration (sec- 
ondary lesions) in the wood in certain portions. Suction was applied, as in 
previous experiments, to each of 3 sections of a branch cut bevond the dis- 
colored wood and showing no secondary lesion. The time required for 1 ec 

22, and 28 seconds, respectively.' 
With 3 other seetmns, each having a secondary lesion showing advanced 
wood discoloration with a margin consisting of a narrow band of clear wood 
extending to the bark, it required 5 minutes for 0.2, 0.2, and 0.4 cc. of water 
respectively , to pass through. At the same rate, it would have taken 25 25^ 
and 12§ minutes, respectively, for 1 cc. of water to pass ’ ’ 

In another comparison from the same tree, a block with no secondary 
esions showed passage of 1 cc. of water in 41 seconds, but a block with 
partly discolored wood of a secondary lesion required about 4 minutes for 
■ ^ e passage o^ 1 ee. of water. In these comparisons, the presence of secon- 
f a^y lesions in the wood retarded water passage sixfold to eighty-eight 

tree^XT/T”lf conducted on wood from a Valencia 

tree affected with psorosis B (6). Under a suction of 60 cm. of iiiereurv in 

two separate tests, l-J and If minutes were required for 10 cc of water to 
pass a distance of 11.5 cm. through branches 2.5 cm. in diameter, showing 

feaLhTtSe a comparative test with a 

ranch of the same dimensions with wood showing also the discolored 

secondary lesions, 26 minutes were required for passage of 4 ee. of water 

a rate approximately 45 times slower than that obtained with the wood not 
showing secondary lesions. ^ 

darv^r passage between sections having seeon- 

I mdi.\ lesions, without discoloration in the wood, appears to explain why 
branches having secondary lesions suffer deterioration and final declim 

. ih,h times of stress to supply the foliage and fruits. Many leaves, 
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therefore, drop and some twigs die back until the smaller siipx)]j water 

available can take care of the remainder. 

Experiment 3. Cylindrical blocks of wood, 5 cm. high and 7.5 cm. in 
diameter, were prepared from healthy navel-orange trunks and from trunks 
having interior wood discoloration. Glass tubes about 1 cm. in diameter 
were sealed to the upper, cut surface of each block with Duco cement and 
plasticine. The portion of the block betw^een the bases of the tubes was 
covered with Dneo cement. These blocks were then tightly placed in the 
end of a glass cylinder, 7.5 cm. inside diameter, with an outlet at the top 
fastened to the suction hose. 

With a cylinder of wood from a healthy tree, showing starch over the 
entire cross section, the time required for 1 ec. of water to pass, in 3 regions 
in the section near the bark, was 26, 42, and 53 seconds, respectively. With 
a cylinder of wood from a diseased tree, showing starch in corresponding 
regions near the bark but having a secondary wood lesion some distance 
inward, the time required wus 30, 60, and 90 seconds, respectively. In 
regions in the diseased wood of the latter specimen, where no starch reaction 
was shown by the I-KI test, no water reached the upper surface in 15 
minutes. 

This experiment indicates that with portions of wood from a diseased 
tree, even though the wood may appear normal and show the starch reaction, 
the time required for w^ater passage is somewhat longer than with similar 
portions of wood from a healthy tree. It also shows that in the discolored 
wuod of secondary lesions of psorosis, wnter passage is entirely blocked. 

Experiment 4. In this experiment, glass tubes about 1 cm. in diameter 
were sealed with Duco cement in 0.5-cm. holes bored into sections of trunk 
and limbs showing the discoloration of secondary lesions. Each specimen 
was cut so that there wuuld be 5 cm. of wood for the water to pass through. 
The time required for 1 ce. of water to pass through 5-em. lengths of wuod, 
at different locations in three different specimens, is showm in figure 6. 

The results show that, as in previous experiments, only in the Avood 
where the I-KI reaction indicated the presence of relatively large amounts 
of starch did water pass through readily. In areas of discolored wood or in 
areas not reacting to I-KI, no water passed when suction was applied for 
10 to 20 minutes. At the edge of the discolored area in specimen C, at / 
(Pig. 6), where the I-KI test showed the presence of starch in about one 
third of the area covered by the tube, only about 0.1 ec. passed in 5 minutes, 
but no water passed through the discolored areas at g and h. In specimen 
B (Fig. 6), which wus cut beyond the discolored portion of the limb, 1 ec. 
of water passed a distance of 5 cm. in the starch-bearing region (cl) in l|r 
minutes, but no water got through the starch-free wuod (e) even after long 
periods of time. In specimen A (Pig. 6), from a branch of a healthy tree, 
with the original growth center much to one side, the rate of water passage 
was many times faster (1 ec. in 35 seconds), at a, on the side where the wnod 
had grown more rapidly, than at c, on the other, slower-growing side (rate, 
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A. Block frL a healthy branch The pr^eL 

and water passed in all three regions as^folloJl ■ °n ?■?=«« is shorn over the entire section, 
n, 17 minutes. B. Block from a dkersed ^ 35 seconds; 6, 24 minutes, 10 seconds; 

secondary lesion. Starch was present onlv^^thp’o'5I^ev^^“^® near discolored wood ol 
branch, where 1 cc. of water passed 0“® side of the 

drawn through the starrfree aTea^^ 30 seconds. No water could be 

taming psorosis-discolored wood Wold branch as B, but eoii' 

portion (upper right). It required 50 starch was confined to a very small 

region at /. Ko water mssed throno-it ^ to pass through this 

wood where no starch was indicated. ^All x |.^ er two regions (g md h) of discolored 

7pBr’^ 24 minutes for 1 cc. of water to pass. The regions d, e, f, and g 
24 minihes or mf allowed no water to pass in 

^4 minutes or more, under the same suction. 

themssarrlf ^ ® show, further, that 

Pd.ssaoe of water appears to be completely prevented in the region of the 
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1 cc. in 17 minutes) . Near the center, at b, the rate was 1 ec. in 24 minutes 
and 1 second. 

Experiment 5. A cross section, 11 by 13 cm., of a 5-em. block of wood 
cut from a trunk of a diseased tree is shown in figure 7. Water passed 
readily through the 5 cm. of wood at a and b, lying outside the margin of 
the psorosis-discolored area (1 ee. in 60 and 45 seconds, respectively). On 
the other hand, water either failed to pass, or else moved very slowly, through 
the wood closely adjacent to or within the secondary lesion of discolored 
wood. In one region (Fig. 7, c) half within and half outside the discolored 



1943] Bitancourt, et al. : Wood Changes in Psoeosis 877 

discolored secondary lesions. They also show, as have some of the previous 
experiments, that outside of the discolored region, absence of starch appears 
to be coincident with the regions where passage of water is partially or 
totally blocked. This blocking of the supply of water would, in part at 


section of a block of wood from a diseased Valencia-orange trunk eu 
bepiTd the bark lesion but showing severe secondary lesions of the wood. The time re 

a pressure Of four-fifths of an atmosphere, throng; 

1 test showed the presence of some starch, was as fol 

lows, a, 1 minute; i, 45 seconds; c, 24 minutes. These three regions were partially o 
wholly outside the psorosis discoloration. In four other regions (d, e, f, g) all wUhii 
psorosis-discolored wood, no water could be drawn. The top of the tree from which thl 
block was cut had only partially deteriorated. 


least, account for the gradual deterioration and decline of trees having well- 
developed ^secondary lesions in the wood, and would account for the rapid 
deterioration where the secondary symptoms involve more nearly the entire 
wood in some part of a trunk or limb. 
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AIR PASSAGE THROUGH BARK 

The question also arose as to the possible effect o 
amount of air that can pass through the bark. A sir 
that more air passed from the wood through the ars 
lesion, especially at the margin, than through the 
beyond. 

Several branches, about 2.5 cm. in diameter and 
used in these experiments. Each branch showed a b 
completely girdling one of its extremities. The affe 
sealed with an air-tight rubber cap. The other end 


^ citrus branch, with a psorosis barl 
of its extremities. The affected end of the branch ('rieht') 
ber cap ; the unaffected end (left) is sealed into one end 

Hcobnl^ of glass jar. The branch ii 

alcohol. Suction in the air space above the alcohol was m 

of mercury (about four-fifths of an atmosphere). Streams 
chiefly from the psorosis-affected bark and escaping at the 

tube, which was passed through the rubber stopi 
cut end was thus exposed to the outside air. The 
jar, and the stopper was adjusted. The jar had 
per cent ethyl alcohol and was maintained in a 1 
the experiment (Pig. 8). Through a bent glass • 
the rubber stopper, the air was pumped out of t' 
the alcohol so as to maintain a difference in pressu 
mercury (about four-fifths of an atmosphere). 
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beginning' of the experiment. After 5 to 10 minutes, the streams of bubbles 
could still be seen to proceed from the diseased bark, mainly from the mar- 
gin of the lesion, while only a few, or none, escaped from the unaffected bark. 

In one experiment, for example, only 6 small streams of bubbles were 
observed to proceed from the unaltered bark, which occupied a length of 
6 cm. Because of their great number, it was difficult to count the streams 
of bubbles arising from the psorosis bark lesion, which occupied a length of 
about 3 cm., but more than 30 were observed. The bubbles from the dis- 
eased portion of the branch were larger than those from the unaffected por- 
tion. In the older part of the lesion, occupying 0.5 cm., only 3 or 4 streams 
of bubbles were apparent. This was probably due to the formation, in this 
area, of new bark whose permeability was similar to that of unaltered bark. 

In figure 8 the streams of bubbles are clearly shown against a black back- 
ground. Here most of the streams of bubbles may be observed to come from 
the margin of the lesion between regions of severe scaling and unaffected 
bark. This is to be expected, since this is the most recently disturbed region 
of the bark. The experiments were run for several hours without appreci- 
able eliange in the number or size of the bubbles. 

When a young, healthy branch was used in an experiment similar to the 
one shown in figure 8, using water instead of ethyl alcohol, numerous bubbles 
were seen to form on the surface of the bark. These bubbles were arranged 
longitudinally along the lenticels, and apparently no bubbles formed on the 
portions away from the lenticels. The bubbles remained attached to the 
point of formation for a considerable period of time and were observed to 
become detached when they approached a size of about 0.25 mm. in diameter. 
The time necessary for a bubble to attain this diameter varied considerably. 
Those forming most rapidly remained attached about 15 minutes. The 
majority, however, remained attached several hours. 

In order to determine which tissues retained most of the air, an experi- 
ment similar to the one shown in figure 8 was performed with a healthy 
branch immersed in water. A circular band, 1 cm. wide, was carefully 
so scraped around the branch as to remove only the epidermis and the lenti- 
cels and leave as much of the cortical parenchyma as possible. On another 
portion of the branch, the whole bark wus removed around the branch and 
doAvn to the wuod for a space approximately 1,5 cm. in width. The branch 
wus then placed in water in a jar, as in the preceding experiment, and 
suction w’as applied. 

As shown by the air bubbles, considerable amounts of air passed through 
the bark wdiich had been scraped lightly, while very few air bubbles arose 
from the band of exposed wood (Fig. 9, A). The bubbles from the scraped 
bark of the healthy branch were much smaller than those from the un- 
scraped, psorosis-affected bark in the earlier experiment, but the number of 
streams was greater. Prom observations of bubbles showm in figure 9, A, it 
was apparent that most of the air passed from the exposed, cut end of the 
branch had come in through the wood vessels and then by means of the 
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medullary rays had passed to its points of escape from the bark. It was, 
therefore, suspected that the reason why no air passed from the surface of 
the exposed w^ood was that during the girdling operation the cambium had 
been exposed to air and had thus been rendered impervious to air, possibly 
through clogging of the medullary rays as a result of coagulation of the 
cytoplasm. The branch, therefore, was taken out of the glass jar, and a 
new band of bark was removed beyond the already peeled portion, the opera- 
tion this time being performed under water. When suction Avas again ap- 
plied above the surface of the water in which the branch was immersed, a 
comparatively large amount of air escaped at the point where the wood had 


Pig. 9. Air-suction experiment on a section of a healthy citrus branch immersed in 
water in a glass jar similar to that shown in figure 8. A. Branch girdled by a superficial 
scraping of the bark (right) and by a peeling away of the bark in the dry air of the labo- 
ratory (lefp. Streams of air bubbles are seen to proceed almost entirely from the scraped 
area, practically no air being drawn from the exposed wood except at the edges wdiere the 
vessels were cut. B. The same branch with peeled girdle enlarged by further peeling, 
under water. Numerous streams of bubbles are now seen to proceed from the newly ex- 
posed wood. X about 5/9. 

been exposed by removal of the bark under water (Fig. 9, B) ; thus the 
hypothesis was confirmed. 

As may be seen on the surface of citrus branches, the lenticels form long 
longitudinal strands of grayish tissue anastomosed laterally and separated 
by elongated dull-green areas where the epidermis is continuous. The dull- 
green color is due to the chloroplasts in the underlying parenchyma. In 
anatomical sections it may be seen that the lenticels correspond exactly to 
the larger medullary rays, whereas the dull-green areas, still covered with 
the epidermis, are immediately above the bundles of pericyclic fibers. The 
lenticels are, therefore, separated from the wood only by the living eells of 
the bark parenchyma, the medullary rays iu the phloem, the cambium, and 
tlie medullary rays in the wood. It is obvious that the air passage from the 



1943] BitancourT; et al. : Wood Changes in Psorosis 881 

leiiticels to the wood vessels takes place entirely along those tissues of living 
cells. 

By scraping the surface of the bark of a psorosis lesion, the characteristic 
brown, irregular areas of gummy bark are exposed. If suction is applied 
to the surface of the water in which a branch thus treated has been immersed, 
streams of bubbles proceed mostly from the margin of the browui areas. 
Streams of bubbles of smaller diameter are also seen to proceed from the 
portions of the lesion that are still green, while none, or very few, come from 
the brown regions themselves. 

In another, similar experiment with a branch 2.5 cm. in diameter and 
11.5 cm. long, showing psorosis-B lesions and afterwards found to have a 
secondary lesion, small streams of air bubbles came from the entire surface 
of each bark lesion — ^possibly about the same total amount of air as from 
equal-sized lesions of psorosis A. A corresponding healthy branch showed 
less air emerging under the same pressure. 

In another series of experiments with wood from a tree infected with 
psorosis A, disks of bark, 3 cm. in diameter, were sealed to one end of glass 
tubes and immersed in alcohol over which a suction equivalent to four-fifths 
of an atmosphere was maintained, as in the previous experiments. No air 
bubbles were observed in short-time tests (about 5 minutes) with 3 speci- 
mens of unaffected bark taken not far from lesions of psorosis. In a similar 
test with 3 specimens of affected bark from lesions, 0, 2, and 3 streams of 
bubbles were counted, respectively. The bubbles were approximately 0.2 
cm. in diameter. In these tests, in which the bark was without attached 
wood, the air passed directly from the atmosphere through the inner bark 
and on to the outer bark and to the alcohol in which the specimens were 
immersed. Comparable results were obtained also in tests with both healthy 
and diseased bark, using disks 1 cm. (instead of 3 cm.) in diameter. 

Prom the foregoing experiments, it is concluded that (a) bark with 
psorosis lesions will allow the passage of considerably larger amounts of air 
than normal bark ; that (b) in normal bark the air passes through the lenti- 
eels only; that (e) the epidermis between the lenticels constitutes the princi- 
pal barrier preventing air from passing freely through the bark ; and that 
(d) most of the air passing through the psorosis lesions comes through 
minute openings largely located on the margin of the lesions, and more espe- 
cially on the margin of the brown, gummy areas of the lesions. 

DISCUSSION AND CONCIrUSIONS 

It is known that bark sealing and primary- wood lesions, with certain 
minor alterations of wood, may be present for a long time in psorosis-affected 
trees without causing a great amount of tree deterioration. Results of the 
present study indicate that at these earlier stages of the disease, the passage 
of water through the wood vessels is only partly impeded; and the amount 
of starch present in the wood cells is about the same as that in the wood 
cells of healthy trees. This appears to explain the fact that trees may toler- 
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ate bark and primary wood lesions for some time with slight or imperceptible 
decline. 

In later stages of the disease, however, when the secondary symptoms 
appear, that is, when discoloration of the interior wood occurs, water cannot 
pass through this discolored region or through contiguous regions, and can 
pass only with great difficulty through wood some distance away from the 
discolored region. The I-KI starch test, as well as microscopic sections, 
have showm that all the parts impermeable to the passage of water are devoid 
of starch, and that the wood vessels in these parts are clogged with gum or 
a gumlike materiah^^ Even in such cases, however, limited regions of wood 
at various places near the outside of the tree, next to the bark, will be found 
to conduct water fairty readily. Such areas correspond to regions showing 
starch reactions with I-KI. It appears that the gradual extension of the 
regions in the wood in which w^ater passage is blocked may account for the 
gradual deterioration of the trees. 

It Avas first thought that perhaps the initiation of the discoloration of the 
wood accompanying the old bark lesions might be related to the passage of 
air and other gases in and out of the wood by way of the bark. Experi- 
ments showed that, under pressure, air passed more easily through the bark 
of the regions occupied by bark lesions, especially at the margins, than 
through normal bark. It is therefore concluded that lack of air is probably 
not responsible for initiation of the secondary lesion. Whether or not 
increased air has any relation to wood discoloration needs further investi- 
gation. 

Although there appears to be a close relationship between the extent of 
tlie discolored wood and the decrease in water passage, it is possible that 
still other factors may play some part in the deterioration of the tree. 
Altered nutrition or toxic substances produced by the discolored-wood region 
may cause some injury to psorosis-affected citrus trees, but so far, no evi- 
dence has been obtained that such factors are important in this connectton. 
That toxic substances are not an important factor is indicated by the obser- 
vation that only the tree parts above and directly connected Avith the portion 
bearing the secondary lesion show deterioration. It would be expected that 
if toxic substances Avere present, they Avould be transported to other parts 
of the tree and cause injury. 

SUMMARY 

Tavo kinds of wood lesions accompany and follow the bark lesions of the 
tAVo varieties of psorosis virus, psorosis A and psorosis B, on citrus: (a) 
primary lesions, immediately under the bark lesions, in which gum is formed 
between outer layers of either normal or altered wood; and (b) secondary 
lesions, in Avhich discoloration appears to begin in older wood farther inward, 
and in Avhich starch disappears and the vessels become plugged with gum. 

Primary lesions were found to retard water passage only partially. 

^’Tyloses were also looked for Uut were not noted. Water appears to pass, to some 
extent, through old, healthy citrus wood. ^ ’ 
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Tlieir presence usually did not prevent almost normal development of foliage 
and fruit. In the discolored region of the secondary lesions, however, and 
in a starch-free region contiguous to the visibly discolored region, the pas- 
sage of water was completely stopped. Both of these regions were found 
to he devoid of starch, as indicated by the I-KI test for starch. 

The progressive degree of stoppage of w^ater as the secondary lesions 
increase in extent and lessen the amount of normal water-conducting wood, 
is considered the main factor in the deterioration of trees affected with 
psorosis. Impaired nutrition or toxins may also play a small part. 

In experiments with air, under a difference in pressure of approximately 
four-fifths of an atmosphere, it was found that air passed only slowly 
through normal bark, and only in the regions of the lenticels. Much more 
air passed at the bark lesions, especially near their margins, than at areas 
contiguous to these lesions. This indicated that the wood discoloration and 
the accompanying deterioration of the tree were not caused by lack of air 
passage at the bark lesions. Lack of water conduction, rather than lack of 
air passage, appears to be the principal factor in tree deterioration from 
psorosis. 

University of California Citrus Experiment Station, 

Riverside, California. 
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POPULATION TKBNDS OP PHYSIOLOGIC RACES OP PUCCINIA 
GRAMINIS TRITICI IN THE UNITED STATES 
FOR THE PERIOD 1930 TO 1941^ 

E. 0. Stakman, W. Q. Loegering, E. C. Cassell, 

anbLeeHines^ 

(Accepted for publication March 8, 1943) 

From studies of the annual prevalence and distribution of physiologic 
races of Piiccinia grmninis tritici in the United States for more than 20 years, 
it is possible to draw certain conclusions regarding population shifts. 
Preliminary results have been published (9, 10, 13, 14, 19, 20, 21, 22), and 
many general statements based on these results emphasize the fact that a 
variety of wheat may be resistant in one region and susceptible in another 
in the same year, or that a variety may behave differently in the same place 
in different years because of differences in the prevalance and distribution 
of physiologic races. * 

There have been such decided changes in prevalence of certain physio- 
logic races in the United States since 1930 that it seems desirable to give 
the data for nine common races for 1930 to 1941, inclusive (Fig. 1). These 
data are presented to illustrate certain principles, as a summary of all 
available data would far transcend the limits of a short paper. 

SCOPE op WORK AND METHODS USED 

Attempt was made each year to obtain a random and adequate sample of 
rusted wheat from the entire United States, and some collections of rusted 
barley and wild grasses also were obtained. The number of collections for 
each year follows: 1930, 288; 1931, 361; 1932, 325; 1933, 294; 1934, 478; 
1935, 787; 1936, 619; 1937, 1,025; 1938, 1,030; 1939, 735; 1940, 902; 
1941, 804. 

In general, collections were made from a random sample of fields, regard- 

1 CooperatiTe investigations between the United States Department of Agriculture 
and the Minnesota Agricultural Experiment Station. Paper No. 2066, Scientific Journal 
Series, Minnesota Agricultural Experiment Station. 

Assistance in the preparation of these materials was furnished by the personnel of 
the Work Projects Administration, Official Project 165-1-71-124, Subproject No. 491. 
Sponsored by the University of Minnesota, 1941. 

2 B. 0. Stakman, Chief, Division of Plant Pathology and Botany, University of 
Minnesota, and Agent, ^ Division of Plant Disease Control, Bureau of Entomology and 
Plant Quarantine, Agricultural Eesearch Administration, IT. S. Department of Agricul- 
ture; W. Q. Loegering, Agent, and E. C. Cassell, formerly Agent, Bureau of Entomology 
and Plant Quarantine; and Lee Hines, formerly Agent, Division of Barberry Eradication, 
Bureau of Plant Industry. 

The writers are indebted to M. N. Levine and Ealph U. Cotter for assistance in deter- 
mination of physiologic races at various times, and to Donald G. Fletcher for furnishing 
a large number of collections. Thanks are also due many other individuals for sending 
collections from time to time; unfortunately the list would be too long if all names were 
enumerated. Special thanks, however, are due various members of the Bureau of Plant 
Industry, U. S. Department of Agriculture, and to the personnel of the barberry eradica- 
tion project of the Division of Plant Disease Control, Bureau of Entomology and Plant 
Quarantine. The encouragement and advice of Dr, H. B. Humjjhrey during the eaidy 
years of the investigation are gratefuliy acknowledged. 
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less of tlie variety of wheat. For example, when rust was generally preva- 
lent, a collection was made about every 20 miles along the roads being 
traveled. In some eases, however, special attempt was made to determine 
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Pig. 1. Population trends of 9 pnysiologic races of Puccinia grammis tntici for the 
period 1930--194i, inclusive. Lower figure in each block indicates percentage of nredial 
isolates,- upper figure, the relative rank in prevalence. 

which races occurred on certain varieties, and it was necessary to depend 
upon volunteer cooperators for the rust collections hi some areas; conse- 
quently there was some deviation from random sampling. Moreover, the 
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largest number of collections always was made in the wheat-growung area 
extending from Texas northward into the hard red spring wheat region 
and eastward into the soft, red winter wheat area. Relatively few collec- 
tions were obtained from the Pacific Coast and from the iiitermonntain 
wheat-growing area of Washington and Oregon. The results, therefore, 
indicate the general prevalence of races for the country other than the 
wheat-growing regions w^est of the Rocky Mountains, 

The percentage prevalance figures are an indication of the relative im- 
portance of races each year, although the distribution of races was not 
always completely uniform. Race 38, for example, was more prevalent in 
Indiana and eastward in some years than elsewhere; and races 56 and 17 
were relatively scarce in those areas or localities where varieties resistant 
to them predominated. With exceptions such as these, there is abundant 
evidence that the percentage figures given in figure 1 indicate the relative 
importance of races by years for the country as a whole. 

The collections were sent to the federal rust laboratory at University 
Farm, St. Paul, Minnesota, where races were identified by the methods 
described by Stakman and Levine (16). 

In figure 1 are given the percentages of uredial isolates for each of 9 
races for each of 12 successive years. The word isolate’^ designates a race 
identified from a given collection, and its use is necessitated because more 
than one race often is isolated from a single collection. For example, races 
56 and 11 commonly occurred in the same collections in 1935 (Pig. 2). 
Race 56 produced minute uredia and race 11 large ones on certain durum 
varieties; therefore, it was possible to identify the races definitely by making 
appropriate inoculations from the two kinds of uredia. The race obtained 
from each kind of uredia is an isolate, and in this case two isolates were 
obtained from one collection. Similarly, there often are two infection types, 
2 and 4, on Marquis wheat. By making transfers to certain differential 
wheat varieties from type-2 uredia and from type-4 uredia, the races 
can be identified ; and each is designated as an isolate. This is explained more 
fully and illustrated in a report for 1989 (19). Accordingly, the percent- 
ages given in figure 1 are based on the total number of times a given race 
was identified (isolated) in proportion to the total number of times all 
races were identified; they do not represent the percentage of collections 
from which each race was identified. 

The prevalence of races expressed in terms of percentage of total isolates 
is, of course, only a relative indication of the situation. The percentage of 
collections from which each race was isolated may give a better idea ‘of the 
geographic distribution. The following example is given by Stakman and 
Loegering (19) in a summary of the results of the survey in 1939 : 

OoriHidor race 5G. ... It was identified 590 times, and a total of 1,063 identifica- 
tions wor{‘ nuule of 14 races in 735 collections; that is, there were 1,063 isolates from 
735 eollectioiiB. Accordingly, race 56 constituted 55.5 per cent of all isolates. However, 
it should he remembered that the percentage figiu’es . . . might ho computed on the basis 
of nurnlx^r of field collections rather than number of isolates. For example, race 56 was 
isolated from 590 collections of stem rust out of a total of 735 collections, or from 80 per 
cent of the collections. 
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Fig. 2. Differential varieties of TriUeum spp. inoculated with a collection of rust 
from Stillwater, Oklahoma, in 1935/ This was typical of the infection types produced 
by many collections of rust in that year. The infection is caused by races 56 and 11. 
No distinction can be made between them on the first four varieties or on Kubanka, 
Acme, Vernal, and Khapli. On Arnautka, Mindum, Spelmar, and Einkorn, on the otlier 
hand, race 56 causes fiecks or type-1 pustules, while race 11 produces type 3-4. There 
are about a dozen large uredia (caused by race 11) on Arnautka, Mindum, Spelmar, and 
Einkorn, but there are about 50 flecks or type-1 pustules (caused by race 56) on eaeh of 
these varieties — all of which may not show in the reproduction. Obviously, therefore, in 
the original collection, inoculum of races 11 and 56 was present in an appi-oximate ratio 
of 25 : 100. Accordingly, each race comprises 50 per cent of the isolates, but race 56 is 
by far the more abundant. 
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But neither of these percentage figures is entirely adequate because the 
relative ainomits of rust of difterent races in each collection also are neces- 
sary in estimating the importance of each race in producing infection in the 
field. Eesults obtained in 1941 furnish a good example (21). Races 17 
and 56 were found together in many collections. The infection types pro- 
duced by these races on the differential wheat varieties are illustrated in 
figure 3 and are given in table 1. 


TABLE 1. — Infection types produced hy races o6 and 17 on differential varieties 
of Triticum spp. 


Race 

LG^ 

Ma 

Krd 

Ko 

Arn* 

Mnd^ 

Spm^ 

Kub* 

Ac* 

Enk 
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Kpl 
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3 + 

3 + 
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4 
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3 + 

4 

4 

4 

4 

4 

3 

1 

1 


* Durum wheats. 

‘‘The names of the varieties follow in the order given above: Little Club, Marquis, 
Kanred (Reliance often substituted), Kota, Arnautka, Mindum, Spelmar, Kubanka, 
Acme, Einkorn, Vernal, Khapli. 

Type 0 indicates immunity; type 1, very resistant; type 3, moderately susceptible; 
type 4, very susceptible. 

Kaiired is susceptible to race 56 and immune from race 17, but Einkorn 
and three of the durums, Arnautka, Mindum, and Spelmar, are resistant to 
56 and susceptible to 17. As attempt is made, except for special purposes, 
to obtain a random sample of rust in the fields from which collections were 
made and to inoculate the differential varieties with a random sample of the 
rust in the collection, the infection types characteristic of each race should 
appear on the differentials in about the same ratio as that between the 
numbers of spores of each race in the collection. In many collections made 
in 1941 the ratio of race 17 to race 56 was 85:15, 90:10, or even 95:5. 
For example, a 90:10 ratio is arrived at as follows:^ Assume that there 
are 10 uredia on each leaf of those varieties susceptible to both races, but 
only one uredium on Kaiired. On Einkorn and the 3 durums, Arnautka, 
Mindum, and Spelmar, on the other hand, there are 9 large uredia and a 
single minute uredium or fieck on each leaf. If transfers are made from 
the rust on Kaiired or from the minute uredia on Einkorn or the 3 durums, 
race 56 will be obtained ; and from the large uredia on Einkorn or on the 3 
durums, race 17 will be obtained. If this is the average ratio for many 
collections, then each race occurs in 100 per cent of the collections and each 
comprises 50 per cent of the isolates. But the number of spores, potential 
inoculum in the field, for races 17 and 56 is in the ratio of 90 : 10. Clearly, 
then, race 17 would be the more important. In reality, however, there usu- 
ally is fairly close agreement between percentage of collections, percentage 
of isolates, and actual amount of rust, especially for predominant races. 

Kanred) is susceptible to race 56 and immune from race 17, while Arnautka, Mindum, 
Spelmar, and Einkorn are highly resistant (almost immune in the field) to race 56 and 
susceptible to race 17. (See table 1 for names of differentials.) 

3 A, description and diagram of the method of estimating these ratios is given in the 
report of the race survey for 1939 (19). 
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For example, in certain years race 56 might almost have been the only race 
present for practical purposes, as it ranked first in prevalence by a wide 
margin, both methods of computation, and constituted 85 to 90 per cent 
of the rust inoculum in many regions of the United States (12). Neverthe- 
less, it would be desirable, if time and facilities permitted, to make com- 
putations designed to express the relative importance of races in terms 
of amount and distribution of inoculum. 

These facts have an important bearing on the number of replications 
necessary to testing wheat varieties for rust resistance in the absence of 
artificially induced epidemics in which known races are used. Clearly, the 
amount of inoculum of the various races in given years and regions is a 
basic factor in determining whether the varieties have been adequately 
tested, assuming that weather conditions were favorable for rust devel- 
opment. ' 

RESULTS 

Several facts become immediately apparent on inspecting figure 1. Some 
races were notably prevalent early in the 12-year period and then declined ; 
others have increased from small beginnings; others have fluctuated con- 
siderably; and one, race 34, increased gradually in prevalence, and then 
decreased just about as gradually. 

Eaee 56 has had the most spectacular career. A brief statement regard- 
ing this race was published in 1938 (9). It was first identified in the United 
States in 1928 and increased slowly in prevalence for 6 years, then suddenly 
assumed first rank in 1934 and continued to increase until it reached its 
peak in 1938. In 1939 it began to decline and continued to do so through 
1940 and 1941; nevertheless, for 7 successive years, 1934 to 1940, inclusive, 
this race occupied first rank, usually by a wide margin. How long the de- 
cline, which began in 1939, will continue is a question, but the drop to 32 
per cent in 3 years from the high of 66 per cent in 1938 certainly indicates 
a definite downward trend. 

Eaces 36 and 49 are in direct contrast with race 56 : they declined as 
race 56 increased. Eace 36 was the most prevalent of all races in 1930 and 
1931, declined in the next 2 years, then increased again in 1934, but since 
that time it has not been sufficiently prevalent to be really important. Eace 
49 increased for the first four years of the decade beginning with 1930 until 
it attained first rank in 1933; in 1934 it decreased sharply, and since that 
time it has been relatively rare except in 1937. 

Eaces 11 and 38 have fluctuated considerably, without displaying defi- 
nite trends. 

Eace 34 comprised 0.6 per cent of all isolates in 1930, increased until 
it attained second rank in 1934, with 22 per cent of all isolates ; but since 
then it declined each year and was not isolated at all from uredial material 
in 1941. 

rhe history of race 17 is significant. It was common in the first half 
of the decade 1920 to 1930, then decreased until it reached a low of G.3 per 
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cent of all isolates in 1930 [impublished data and Wallace (24)], after 
wiiich it tended to increase slowly and somewhat irregularly. During the 
last 3 years it increased sharply and surpassed race 56 in 1941, attaining 
first rank, with 51 per cent of all isolates. 

Paces 17 and 56 together comprised most of the inoculum of stem rust 
in 1940 and 1941, making up 78 per cent and 83 per cent of all isolates in 
the two years, respectively. In both years race 38 occupied third rank in 
prevalence. In those years these 3 races, with 88 and 89 per cent, respec- 
tively, of all isolates, were the races to which wheats in general were exposed. 
No other races were sufficiently prevalent to be important practically, except 
in local areas. This illustrates the present tendency for a few races to 
predominate among the uredial isolates. This tendency is not nearly so 
pronounced, however, among aecial isolates, as shown by the data for 1940, 
which are given as an example. 

A comparison of the data for uredial isolates and those for aecial isolates 
in 1940 is given in figures 4 and 5. Paces 56, 17, and 38 occupied first, 
second, and third positions, respectively, among both groups of isolates. 
Pace 36, however, was obtained much more frequently from aecial collections 
than from uredial collections ; and this is true of race 34 also, which at one 
time had been very prevalent on w^heat but which comprised only 0.5 per 
cent of all uredial isolates in 1940. It will be noticed that race 15, the most 
generaUy virulent race found in the United States, comprised 5 per cent 
of the aecial isolates in 1940, but was obtained in only 1 per cent of the 
uredial isolates. 

The importance of barberries in producing and perpetuating races 
previously has been discussed by Stakman, Levine, Cotter, and Hines (17), 
and has been summarized by Stakman, Loegering, and Cotter, (22) in the 
report of the physiologic race survey for 1940 as follows: 

Eaees 9, 10, 14, 24, 40, 55, 69, 77, 79, 83, 117, 121, 126, 140, 146, and 147 of Puccinia 
graminis tritid were isolated only from barberries or from rusted wheat in the area where 
barberries become rusted. Barberries definitely were responsible for the occurrence of 
these races in 1940, as they were not found at all in Mexico, Texas, or Oklahoma, from 
which urediospores can be disseminated in the spring. Regardless of the relative amounts 
of rust resulting from wind-blown urediospores from the far south and from aeeiospores 
produced on barberries, it is apparent that more kinds of rust races come from barberries. 
Race 56 was known in the barberry area for at least five years before it appeared in 
Texas and became established in northern Mexico. The predominance attained by this 
race caused farmers to discard Ceres wheat, and there is the possibility of a similar his- 
tory in the future with respect to some of the rarer rust races and some of the newer 
varieties of wheat. 

The practical importance of population shifts in physiologic races lias 
been alluded to (10, 18, 19, 20, 21, 22) . It is worth emphasizing, however, 
that Ceres wheat, grown commonly in the spring wheat region after its 
dfetributionpn 1926, is so susceptible to race 56 that it was virtually ruined 
by rust in 1935, the first favorable rust year after this race had become 
abundant, and* it was again severely injured in 1937. Stakman and Cassell 
(9)j Johnson and Newton (7), and Stakman, Loegering, and Cotter (22) 
have summarized evidence regarding the role of race 56 in eliminating Ceres 
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obtained ftom^nrelw Tucoinia graminis tritid 

uliedt. There is no question but that race 56 is more virulent than many 
other races on Ceres (Fig. 6). It often is possible to separate it from other 
I aces „ rowing on seedling plants of Kota or Ceres in the greenhouse by 
simply making transfers from the largest pustules. So conspicuous is its 
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vinileiiee on Ceres that an experienced observer can make a rather accurate 
guess as to its identity on differential hosts in the greenhouse merely by 
observing the size of the uredia on Ceres. Moreover, it seems particularly 
able to thrive on this variety at temperatures higher than those at which 
certain other races will thrive^ (1). The tremendous increase in acreage of 
Ceres and a succession of unusually hot summers apparently favored the 
rapid increase of this race. Several other races might have eliminated Ceres 
had they become as prevalent as race 56; but the record shows race 56 
responsible. 


Puccinia framinis pritici 

Aeaal Col lections 
United States -1 940 


Othev Qaccs 

one isolation each: 

14 , 77 , 80 , 83 , 117 , 121 , 
126 , 139 , 140, 146 

two isolations: 69,. 
three isolations — 

each: 79,14-7... 


Pig. 5. Percentage of isolates of physiologic races of Puceinia graminis tritici 
obtained from aecial collections in 1940. 

Thatcher wheat, first distributed in 1934, has very largely supplanted 
Ceres in the spring wheat area. It withstood the epidemic of 1935 so well 
that the acreage was increased greatly the next year. This variety is the 
result of a double cross (Marquis x Iumillo) x (Marquis x Kanred). It has 
the immunity of Kanred from a number of physiologic races and has con- 
siderable adult-plant resistance derived from lumillo duiuiin (3). Thatcher 
has not had a severe rust test under natural conditions, however, because 
it is highly resistant to or immune from those races that have been most 

4 Cassell, Eobert C, Factors affecting tbe distribution of physiologic races of Piic- 
einia graminis tritiei IlTikss,. and Henn. University of Minnesota Ph.D. thesis. 1938. 




Fig. 6. Ceres wheat inoculated with 4 races of Puceinia graminis tritici, showing 
immunity from race 44, resistance to race 24 (two plants), moderate susceptibility to race 
34, and extreme susceptibility to race 56. 

prevalent and abundant, it is likely that it may be injured by rust wlien 
weather conditions favor rust development. 

Eaee 17 was by far the most common race in much of the hard red winter 
wheat region in 1941. The behavior of wheat varieties was exactly what 
one would expect from the results of the physiologic-race survey. Tenmarq 
and other Kanred derivatives were relatively rust-free, whereas many of 
the soft wheats in neighboring fields were severely rusted. Similar observa- 
tions were made in the spring wheat region. Thatcher was virtually rust- 

^5 Thatcher wa,s_ heavily rusted in replicated plots in the Cooperative Bust Nursery 
at St. Paul, Minn., in 1936. Bace 36 was commonly isolated and seemed to be primarily 
responsible) for the rust. Thatcher also has been heavily rusted in several recent years 
in field-plot experiments made by Helen Hart at St. Paul, the results of which have not 
yet been published. 
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prevalent since its introduction. Thatcher is moderately resistant in the 
seedling stage and highly resistant in the adult stage to race 56 ; and it is 
iuimnne in all stages of development from races 17, 19, 21, and 49. Conse- 
quently, there has been a relatively small population of physiologic races to 
which it is susceptible. With the present predominance of races 17 and 56, 
Thatcher is still safe from serious damage. Nevertheless, it is susceptible 
to several races, including 36 and 15B, and has been heavily rusted in field 
plots.® If these races or still others to w'hieh Thatcher is susceptible become 
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free, wliereas Marquis and Ceres, both susceptible to races 17 and 56, rusted 
rather heavily where conditions were favorable. Moreover, there was more 
rust on Minduni durum than on Thatcher. 

The situation with respect to the durums, therefore, has fluctuated. 
Several years ago, when races 11, 21, 34, and 38 were prevalent, the most 
eoninionly grown durum varieties, especially Minduni, were severely rusted 
(15). During the past few years, however, when race 56 predominated, 
there was very little rust on the durums, except Kubanka, because most of 
those commonly grown are almost immune from this race. With the increase 
in race 17, however, they are again in jeopardy. 

Although most varieties of wheat now grown may be injured more or 
less severely by certain races of rust, it must be emphasized that many of 
the varieties now available, especially in the hard red spring wheat group, 
are very much less liable to damage than the varieties that they replaced. 
Kemarkable progress has been made in developing varieties with physiologic 
resistance to many races and with a certain degree of adult-plant resistance, 
due to morphologic and other characters, to most of the races. These varie- 
ties are, therefore, likely to remain resistant in more localities and in more 
seasons than those developed before there was sufSeient recognition of the 
necessity for testing against many rust races under a wide range of environ- 
mental conditions in the breeding program. 

Unfortunately^ little is known definitely about the factors affecting 
changes in populations of physiologic races. It has been sliowm by several 
investigators® (1, 2, 4, 5, 6, 8) that environmental factors affect different 
races differently. Some of them develop best on certain varieties of grain 
at relatively high temperatures; others at low temperatures. The final 
amount of rust that develops on wheat depends on the physiologic race of 
rust, the variety of wheat, the effect of environment on each, and its effect 
on the interaction, between the two. It seems likely, therefore, that seasonal 
temperatures may play an important part in determining prevalence of 
races. The prevalence of certain wheat varieties obviously has an effect 
also. Kanred, for example, which is immune from a number of races, would 
tend to decrease their prevalence over a considerable area. Likewise, if 
Mindum and similar durum varieties were grown exclusively in North 
Dakota, it w^ould be quite impossible for race 56 to become prevalent there ; 
and as long as Thatcher is grown in the spring wheat area there will be a 
teiideney for it to reduce the prevalence of races 56 and 17 in that area 
and, consequently, the percentage prevalence in general. 

Factors that affect the overwintering of various races in the uredial 
stage ill northern Mexico and central Texas, the area in which uredial over- 
wintering is most likely to oeeur, undoubtedly are important when con- 
sidered in connection with the factors affecting the subsequent development 
of a large amount of inoculum in those areas and the widespread dissemina- 
tion of spores northward. Fortuitous circumstances probably affect this 


0 See footnote 4. 
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situation somewhat, but there is evidence that certain races can overwinter 
more easily than others. Thus some may tend to be eliminated during the 
winter while others survive. Factors affecting the spread of the rust from 
these areas, therefore, would be important in determining the prevalence of 
the overwintered races in the country as a whole (23). Moreover, me teoro- 
logieal conditions affecting the dissemination of rust from areas where bar- 
berries become heavily rusted would also be important, as they appeared 
to be in 1942 (11). Although detailed results are not given for 1942, it is 
clear that a decided increase in prevalence of race 38 was due to the fact 
that it was produced commonly on barberries in the Virginias and Penn- 
sylvania. Conditions were favorable for rust development in those areas, 
and for subsequent dissemination of inoculum westward into Ohio, Indiana, 
part of Illinois, and southern Michigan. While the prevalence of race 38 
was leather high for the country as a whole, therefore, its prevalence was 
far higher in the States just mentioned than elsewhere. 

SUMMARY 

Anniial physiologic-race suveys of Puccinia graminis tritici have been 
made in the United States for more than 20 years. Kesults for 12 years 
are summarized in this paper, as they illustrate the decided shifts that may 
occur in the prevalence and importance of races. 

During the 12-year period 1930-1941 some races have increased greatly, 
others have decreased, some have fluctuated irregularly, and one increased 
during the first half of the period and then decreased at about the same rate. 

During the same period 5 races have ranked first in prevalence and 
amount in one or more years, namely, races 36, 38, 49, 56, and 17. 

During the first half of the 1930-1939 decade races 36, 38, and 49 were 
the most important for practical purposes. During the last half of the 
decade race 56 was by far the most important, ranking first in prevalence 
for 7 successive years. Since 1939 races 56, 17, and 38 have been by far 
the most important and prevalent. 

The meteoric rise of race 56, followed by a tendency to decline, and the 
decided increase of race 17 in 1940 and 1941 are especially significant. At 
present these two races appear to constitute at least 90 per cent of the 
inoculum in the Mississippi Basin. 

Because of the spectacular rise in prevalence of race 56, beginning in 
1934, Ceres wheat is no longer classed as resistant. With changes in the 
prevalence of races, it is possible, however, that Ceres might again attain 
to the resistant class. 

During the past several years race 56 alone or in combination with race 
17 has comprised between 80 and 90 per cent of the rust inoculum, at least 
in the spring wheat area. Thatcher, which has largely replaced Ceres, 
is resistant to race 56 and immune from race 17 ; therefore Thatcher has not 
\et been exi)osed to abundant infection, under favorable conditions, by a 
race or combination of races to which it is susceptible. 
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The population shifts of physiologic races show the practical need for 
extensive replication in time and space in testing varieties for stem rust 
resistance, unless the varieties are exposed to artificially induced epidemics 
created by inoculating with all races that occur or are likely to occur in 
the region for which the variety is intended. 

Comparison of the number and kinds of races isolated from or near 
barberry bushes with those isolated away from barberries shows that the 
eradication of the alternate host as completely as possible is of paramount 
importance in reducing the number of races and preventing the produc- 
tion of new ones. Details for 1940, taken as a sample year, are given in 
the text. 

The changes in relative proportions of individual races in the total 
population may be gradual or sudden; accordingly, the susceptibility and 
resistance of wheat varieties in the field tend to vary directly with these 
changes, although this tendency may be affected considerably by the additive 
effects of several races and by conditions that are favorable or unfavorable 
for rust development. 

There is relatively little definite information regarding the causes for 
changes in prevalence of races, although seasonal temperatures, distribution 
of wheat varieties, conditions affecting the winter survival and subsequent 
development and dissemination of inoculum of different races from the far 
South, and the relative amounts of different races produced on barberries 
and disseminated from them all appear to be important. 

University Farm, 

St. Paul, Minnesota 
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A COMPAEISON OF LABOEATOEY AND FIELD EETENTION AND 

PEOTECTIVE VALUE OF CEETAIN COPPEE FUNGICIDES" 

HAEOLD J. MILLEE2 

(Accepted for publication February 4, 1943) 

The need for reliable methods of testing fungicides is recognized by 
almost every worker in the field of plant pathology. The large amount of 
published data on this subject testifies to the demand for information on the 
fungicidal properties of materials before they are actually used in the field. 
The development of many new compounds, particularly organics and substi- 
tute copper materials to replace Bordeaux mixture, has stimulated the de- 
mand for methods that would more accurately evaluate the properties in- 
fluencing the field performance of a fungicide. 

Millardet and David (23), Girard (6), and Perraud (24) suggested very 
early that retention'^ might be an important factor influencing the protective 
value of copper fungicides. Kadow (14), Daines (2), Marsais and Segal 
(19), Hamilton (9), Martin (22) and Fajans (3) also have pointed out the 
importance of the retention factor in the performance of this type of fungi- 
cide. The early work of Guillon and Gouirand (8) on laboratory tests of 
retention also involved a correlation of this type of data with that obtained 
in the field. Quite comparable results were found on grape leaves and glass 
plates, where both surfaces were subjected to artificial rain and the amount 
of copper remaining was determined by chemical analysis. Kehlhofer (15) 
also reported some agreement between retention on glass plates and grape 
leaves as determined by chemical analysis. A good correlation between re- 
tention of certain copper fungicides, as determined by spore germination 
tests and by chemical analyses, was found by McCallan and Wilcoxon (16). 
Laboratory studies of retention of copper fungicides also have been reported 
by Heuberger (11, 12) and Young and Beckenbach (28), and field studies 
using chemical analysis by Magie and Horsfall (18) Hartmann (10) and 
Green and Goldsworthy (7). 

The studies here reported involved the determination of the retention of 
certain copper spray materials by (a) direct chemical analysis before and 
after artificial rain on Pyralin plates and (b) chemical analysis of leaves 
before and after weathering in the field. The results of (a) and (b) were 
correlated with a third measure of retention (c), as determined by spore 

1 An abridgment of a dissertation submitted in partial fulfillment of tbe requirements 
for the degree of Doctor of Philosophy in Plant Pathology in the Graduate School of The 
Pennsylvania State College, 1942. Authorized for publication on Oct. 7, 1942, as paper 
No, 1132 in the journal series of the Pennsylvania AgriculturaTExperiment Station, and 
as Contribution No. 138 from the Department of Botany. 

2 The author wishes to acknowledge Ms appreciation to Drs. D. E. H. Prear and 
H. W. Thurston, Jr., for their many helpful suggestions and criticisms during this study 
and to Dr. S. B. A. McCallan for determination of the tenacity indices and a reading of 
the manuscript. 

3 The term ' ^ retention' ’ is used here as defined by the Committee on Standardization 
of Fungicidal Tests (1) in preference to ^'tenacity" or adherence. " 
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germination tests very kindly conducted by Doctor McCallan. Correlation 
of these measures of retentions -with control data was determined for 1941 
Toxicity determinations furnished by McCallan also were compared with 
this control data. 

METHODS 

The method of laboratory spraying of cellulose nitrate (Pyralin) plates 
by atomizing on a rotating turntable has been described and illustrated by 
Worthley and Frear (27). For the retention studies an unwashed lot of *5 
sprayed plates was designated as the original. Five were removed after 
being washed by atomming with 0.25 1. of distilled water, 5 more after 
atomizing with an additional 0.5 1. of water, and the final lot of 5 after 
with 101. more of water. Preliminary work indicated that an interval of 2 
weeks was necessary between spraying and the washing of the plates Avith 
water. The total amount of water reaching each plate in all 3 Avasliino-s 
Avas approximately 0.485 inches. 

The spore germination tests of the 1940 and 1941 materials as determined 
by S. B. A. McCallan involved the use of a settling tower (McCallan and 
Wilcoxon (17)) for spraying glass plates, and the determination of LD50 
values (Wilcoxon and McCallan (26)) for Sderotina fructicola on unwashed 
slides and on those subjected to an inch of laboratory rain delivered throimh 
a rose-type nozzle (McCallan and Wilcoxon (16)). Prom the ratio LD50 
Aveathered slides/LD50 unweathered slides the tenacity index wms obtained 
The field spraying was done with a commercial-type orchard sprayer oii 
cherry trees not more than 15 years of age. Single-tree randomized plots 
replicated at least 6 times were always employed. After certain prelimi- 
nary work It Avas found necessary to take approximately 180 leaves per plot 
for the meftod of analysis used prior to 1941 and 50 per plot in that vear. 

^StmorcMjr^ confined to fruit spur leaves on che'rries 

_ The area of leaves was determined photoelectrically after the method of 
h rear (4). Since the use of alternating current introduced an error due to 
fluctuation in the original reading, an apparatus was built in 1940 of the 
same type but using storage batteries with a current adjustment that alwavs 
gave the same amount of light. Copper analyses were expressed as milli- 

wrird TTT"" calculations 

were based on 2 surfaces per leaf. 

Pre^Sfl!f described by 

Frear (5) and involve the use of a photoelectric colorimeter. Prior to 1941 

leaves were analyzed for copper by the eleetrolytical method 

Preliminary studies in 1938 on apple and cherry and,' in 1939, on the 
a er, as weH as considerable laboratory work, indicated that certain refine- 

e'lSirn determinationtrf 

tclention. Marked differences m retention were found for certain of 

copper material teated, bat extreme variability precMed any valid cot 
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elusions. In view of tliis, retention studies in the field in 1940 and 1941 were 
confined to cherry leaves where the copper residue was found to be less 
variable than the apple fruit and leaf surfaces. Copper analyses were made 
separately for each of the 6 replicates in order that the data might be sub- 
jected to analysis of variance. The spray formula was exactly the same in 
both laboratory and field. 

RESULTS 

The kind and amount of materials used for each treatment in both labo- 
ratory and field are given in table 1. The tank-mix copper phosphate used 
in 1940 was prepared by dissolving 2 lb. of copper sulphate directly into the 
tank and then adding 2 lb. of trisodinm (Treatment 7) or disodium (Treat- 
ment 22) phosphate. Three pounds of hydrated lime were added last. 
Instant Bordeaux mixture was prepared following the procedure described 
by Schneiderhan (25). Lead arsenate was used at the rate of 2 lb. per 100 
in the first 3 sprays in 1940 and in the first 2 in 1941. 

The standard 4-spray schedule, consisting of petal-fall, shuck-fall, pink- 
fruit, and post-harvest applications, was supplied in the field. The first 
sample was taken in the field the same day that the p)ost-harvest spray was 
made, and the residue found at this time is referred to as the original deposit. 
This deposit consisted of a weathered residue remaining from previous 
applications and the unweathered portion from the spray applied imme- 
diately before the sampling. The variation in the amount of copper found 
at this time as given in table 1 is suggested to be a reflection of the varying 
retention from the previous sprays as well as of the normal variation in field 
spraying. The laboratory sprajdng involved only one application with no 
lead arsenate since some preliminary work indicated that this material did 
not significantly affect retention of copper on the plates. 

To compare the retention of various materials, calculations of percentage 
copper remaining were made based on this original residue on the leaves and 
the unwashed plates in the laboratory. These percentages are given in 
table 1, together with actual amounts of copper in the non- weathered deposit 
on the leaves and unwashed plates. 

In order to facilitate comparisons of the retention on leaves and on 
Pyralin plates with that obtained by spore germination tests, indices of 
retention were calculated from the data in table 1 to give a single figure to 
express the retention of a given material on either the plates or leaves. The 
percentage of copper remaining on the leaves at a given sampling date wms 
multiplied by the total rainfall before this sampling and a total obtained by 
adding these 3 values for each of the treatments. The index was calculated 
by dividing this total by the sum of the rainfall for the 3 weathering periods 
multiplied by 100 to obtain a value less than 1. Thus the index for treat- 
ment no. 1 in 1940 was obtained as follows: 

(100.5x3.7)+ (72.9x2.8) + (38,2x4.9) 

(3,7 +2.8 + 4.9) X 100 --0.669 
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The index for plates was obtained in the same way with the percentage 
copper remaining on the plates and amounts of water used in the washing 
process. These indices are given in table 2. The control for 1941 is 
expressed as the percentage leaves on October 10 with no leaf spot {Cocco- 
myces hiemalis) on 4 tagged branches with 50 leaves per tag originally 
present. Differences in control in 1940 were not significant and these data 
are not given. Eainfall for the sampling periods in the field is shown in 
figure 1. 


2ND 3RD 4TH 

(Sampling sampling sampling 
[ 3. 70 ^CHE S 2.80 INCHES 4.90 INCHES 
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3 RO 
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8/20 9/20 
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— ^ 
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Fig. 1. Sampling dates and distribution of rainfall in 1940 and 1941. Total rain- 
fall for eacli weathering period also is given. 

TABLE 2,—~SummaTij of data ohtained in 1940 a7id 1941 


Treatment 

Eetention indexa | 

Tenacity 

index 

LI)50 

Control 

Plates 

Leaves 


1940 






1. 

Bord. 2-4-100 

1.000 

0.669 

0.555 

0.190 


7. 

Tank-mix copper phos 

1.010 

0.626 1 

0.465 

0.230 


11. 

Tenn. "26” 3-3-100 

! 0.605 

0.395 ! 

0.190 

0.350 


12. 

^ ^ + 1 pt. Orthex 

: 0.698 

0.483 

0 235 

0.360 


13. 

+1 pt. ISTiifilm 

1 0.738 

0.345 

0.170 

0.330 


14. 

+1 pt. Spralastie 

0.629 

0.438 

0.085 

0.300 


15. 

^ ^ + Summermiilsion Spredritc 

' 0.782 

0.508 

0.070 

0.240 


22. 

Tank-mix copper phos 

1.000 

0.550 

, 0.410 

0.210 



1941 






3. 

Bord. 2-8-100 

0.905 

0.489 

0.570 

0.150 

64.7 

4. 

Cupro-K 3-3-100 

0.602 

0.383 

0.345 

0.440 

20.2 

5. 

" + 1 pt. S.E.C. oil 

0.845 

0.495 

0.240 

0.590 

27.7 

6. 

Tenn. "26” 3-3-100 

0.531 

0.339 

0.150 

0.460 

45.4 

7. 

(dolomitic limp.) 

0.471 

0.341 

0.135 

0.320 

46.7 

8. 

" "34” 2i-3-100 

0.631 

o!382 

0^310 

0.360 

.54!2 

9. 

Copper Hydro ^ ^ 40 ’ ’ 3-3-1 00 

0.464 

0.337 

0.305 

0.590 

42.1 

10. 

Copper 11—3-100 

0.412 

0.285 

0.185 

0.350 

41.0 

11. 

Coposil 31-3-100 

* 0.447 

0.298 

0.140 

0.370 

34.3 

12. 

Bordow 6-3-100 

0.548 

0.291 

0.255 

0.220 

61.7 

15. 

As 6 + 1 qt. Spralastie 

0.442 

0.344 

0.185 

().440 

41.4 

16. 

As 6 + 1 lb. soya flour 

0.413 

0.289 

0.330 

0.470 

43.4 

18. 

Copper ‘‘A^^ *1 1-8-100 

0.321 

0.301 

0.085 

0.300 

32.0 

20. 

Same as 6 


0.288 





a Betention index was determined on Pyralin plates in laboratory and cherry leaves 
in the field. Control is expressed as percentage disease-free leaves. Tenacity index and 
LD50 were determined by S. E. A. McCallan. 

An inspection of table 2 indicates a good correlation between certain of 
the methods. It is to be noted that in both years the laboratory washing* 
method used on Pyralin plates failed to cause any loss of the Bordeaux mix- 
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ture residue, although the technique used in the spore-germination tests on 
glass plates did. The same was true for the 2 tank-mix copper phosphate 
treatments in 1940. These materials also showed a higher retention on the 
leaves than any of the Tennessee “26” formulae in that year. Summer- 
mulsion and Spredrite, Spralastie, and Orthex all acted as stickers in 
increasing the retention of Tennessee “26” on Pyralin plates and leaves. 
Nufilm did not increase retention on the leaves nor on the glass plates in the 
spore-germination tests. Tennessee “34” was higher in retention than 
Tennessee “26” on all three sui-faces and also in control. Copper “A” was 
low in all the tests, as well as in control, and the additional lime in treatment 
18 appeared to have no etfeet. Tennessee “34” was better than Copper 
Hydro “40” in all 3 tests. Dolomitic lime with Tennessee “26” did not 
affect retention or control as compared with treatment 6 using the regular 
high calcium spray lime. Cottonseed oil emulsion (S.E.C. oil) increased 
retention of Cupro-K, as well as control. Copper “A” and Coposil were 
low in retention in all 3 tests, but Bordow was low on the leaves. 

In order to compare more accurately the correlations of the data given 
in table 2, correlation coefficients were calculated (Table 3). There is evi- 

3.— -CojTcJaiio)!. 0 / retention, indieeg on leaves and plates, tenacity indices 
LDoO and control as qiven in table 


Factors correlated 


■Retention indices on Pyralin plates and leaves 

Ketention index on leaves, and tenacity coefficient 

Hetention index on Pyralin plates, and tenacity coefficient , 

Control and retention index on leaves 

Control and retention index on Pvralin pia+-eg 

Control and tenacity coefficient 

Control and LD50b 

Control, retention index on leaves, and LI)50 
Control, retention index on plates, and LPliO 
Control, tenacity coefficient, and LI)50 



Correlation 

coefficient 


0.845 
0.930** 
0.809** 
0.584* 
0.856** 
0.679** 
0.034 
0.247 
0.413 
- 0.614* 
0.617 
0.641 
0,679* 


* KSignitieant at odds 19:1. 

**Significant at odds 99: 1 , 
a Plot 20, in 1941, omitted. 

K Negative coefficient, because low LD30 indicates bigli to.xieity. 

deuce from these data of a high correlation between retention on Pyralin 
plates and on leaves, as determined by the ehemieal-analysis procedure. 
1 he tenacity index also showed a significant correlation with the leaf reten- 
tion, although, m 1941, the coefficient was not so high as that obtained by the 
direct-anal.ysis method. The tenacity index was slightly better correlated 
with control than the direct analysis determination on plates although 
neither was significant. A low correlation was also found betiveen retention 
on leaves and control. 

TIU! LD50 values for the treatments used in 1941 did show a significant 
correlation with the control data, suggesting that the toxicity of the material 
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rather than retention was the important factor influencing the protective 
value ill the field. When the additional factor of retention was correlated 
with control and LD50 by means of multiple correlation, a slight increase in 
the eoeffieient was obtained. The highest mnltiple correlation coefficient 
obtained was between control, tenacity index, and LD50, and is high enough 
to be significant with the lower number of degrees of freedom (n-3) 
required for 3 factors. 
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LD50 AFTER 1 INCH OF RAIN 

Fig. 2. LD50 values after rain plotted against control (percentage disease-free 
leaves) on logarithmie probability paper. 

The relation between the LD50 after a rain test (LD50/tenacity index) 
and control expressed as disease-free leaves is shown in figure 2 on logarith- 
mic probability paper. A distinct trend is noted excepting for two points. 
One of these points is Bordeaux mixture and the other is Cupro-K. The 
latter material has been found in laboratory tests to be much more soluble 
than the others and would probably explain its high toxicity. By ignoring 
this point (LD50 1.26) can be stated that this indicates that percentage 
control is normally distributed against the reciprocal of the logarithm of the 
LD50 after the rain test. Such a relationship emphasizes the need for LD50 
values in the laboratory toxicity tests after being subjected to a laboratory 
rain. 

DISCUSSION 

The direct chemical analysis was used in the retention studies on Pyralin 
plates in the laboratory since it was assumed that this would make the deter- 
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minations more comparable with that obtained for the leaves in the field 
when this was the only practicable method to use. The high correlation 
between the retention on leaves and Pyralin plates indicates the validity of 
this assumption. However, the fact that there was so little correlation 
between retention of actual copper and control indicates that some other 
more important factor was operating to limit the protective value in the 
field. Toxicity of the material must have been this factor, since the LD50 
values gave such a high correlation with control. Retention Avas involved, 
but was of much less importance than toxicity. 

Although the 3 methods of evaluating retention correlated very Avell, 
certain exceptions were found for which no satisfactory explanation seems 
available. There are, of course, many factors that are different in the 
laboratory and field tests. Martin (20), for example, has pointed out that 
ill field spraying many leaves are sprayed beyond the point of run-off, while 
this is not done in ordinary laboratory tests. Worthley and Prear (27) 
suggested that the application of more than one spray to the leaves probably 
caused some discrepancy between results on leaves and on Pyralin plates in 
a study of deposition and retention of lead arsenate. However, in some pre- 
liminary work with the copper fungicides used in this study, more A^ariation 
as indicated by a much higher standard error for the original residue was 
found where only the post-harvest application of a copper material had been 
made than where 3 copper sprays had preceded this. 

The fact that a cherry leaf falls as soon as it becomes heavily infected 
with leaf spot or injured with spray, tends to cause an increase in the per- 
centage of leaves with a high residue on treatments giving inferior control 
and a lower residue on treatments that cause excesswe injury. No injury 
was apparent in the 1940 and 1941 tests. 

Difference in the chemical and physical nature between leaves and the 
surfaces used in the laboratory must be considered. The weathering process 
in the laboratory consists of washing with water alone ; yet, in the field, 
mechanical abrasion (7), alternate wetting and drying, fluctuations in tem- 
perature, and sunlight, probably, also are involved. In fact, so many differ- 
ences exist that it seems especially significant to have data that indicate high 
correlation between the two types of test. 

The correlation between retention as determined by direct chemical 
analysis and, as determined by the spore germination technique, seems sig- 
nificant in view of the statement by Heuberger (12) that the latter method 
determines both the quantity and fungicidal value of the residue remaining 
after weathering. The correlation of the two methods with retention on 
leaves was good in 1940 ; yet the spore germination test did not correlate so 
Avell in 1941 with the actual quantitative measurements on either leaves or 
plates. Horsfall (13) also found that 2 spray deposits having the same 
(luantity of copper may not inhibit spore germination to the same extent. 
Martin (21) has noted certain changes in the composition of Bordeaux 
mixture, upon drying, which would be expected to change the fungicidal 
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value of the residue and also would interfere with a quantitative measure- 
ment of the residue by a method depending on spore-germination tests 
without necessarily affecting the actual amount of copper retained. 

An indication of the error involved in field determinations of retention 
can be found in table 2 where treatments 6 and 20 are the same in 1941, yet 
the retention index on the leaves differs considerably. This emphasizes the 
importance of a statistical approach to the interpretation of field data. 

A comparison of data on the commercial compounds used in this study 
with those reported by other workers is difficult, since there is no certainty 
that the composition is the same from year to year, even though the trade 
name remains unchanged. Heuberger (12) found that soya flour did not 
increase retention, which agrees with the results obtained with Tennessee 
^^26’’ in 1941. Hartmann (10) reported Cupro-K and Compound (Cop- 
per) ‘‘A’^ were lower in retention than Bordow, and that these 3 w^ere lower 
than Bordeaux mixture and Copper Hydro ^'40/^ which is in accord with the 
1941 results reported here. 

The host plant, according to Horsfall (13) does not alter the ranking of 
materials studied by laboratory methods. Martin (21), on the other hand, 
has pointed out the importance of the host plant in changing the protective 
value of a fungicide. However, high correlations found in this study indi- 
cate that the laboratory methods are fairly accurate in predicting the 
behavior of materials in the field, although it is evident that some f ew' may 
not perform as expected. 

SUMMARY 

The retention of several protective copper fungicides was determined in 
the laboratory by the direct chemical analyses of Pyralin plates sprayed 
under standard conditions. This showed a very high correlation wuth direct 
analytical determination of retention of the same materials on cherry leaves 
in 2 different years. These 2 methods also correlated very well with a deter- 
mination of retention by the spore-germination technique. 

Bordeaux mixture and 2 formulae of tank-mix copper phosphate showed 
a higher retention than any of the commercial forms of copper materials. 
Summermulsion and Spredrite, Spralastic, and Orthex all increased the 
retention of Tennessee ^^26^^ on leaves, while soya flour and Nufilm reduced 
it. Cottonseed oil emulsion increased the retention of Cupro-K. Tennessee 
'^34’’ was retained better than Tennessee ‘‘26’’ or Copper Hydro “40.” 
The retention of Tennessee “ 26 ” was the same with dolomitie lime as with 
regular high calcium lime. Coposil, Copper “A” and Bordow were low 
in retention on foliage. 

Very little correlation w^as found between control and retention of copper 
on cherry leaves in the field and retention on Pyralin plates in the laboratory 
or the tenacity index. There was a significant correlation between control 
and toxicity expressed as the LD50. A significant correlation between con- 
trol, tenacity index, and LD50 also was found. The percentage control 
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expressed as disease-free leaves was foriiid to be normally distributed against 
tbe logarithm of the LD50 values after the laboratory rain. 

It is concluded that the laboratory methods of determining retention 
predicted fairly accurately the retention of the same materials in the field, 
but that toxicity was a much more important factor than retention in pre- 
dicting the protective value of the fungicides. 

Department op Botany, 

Pennsylvania State College, 

State College, Pa. 
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STUDIES OF THE SUSCEPTIBILITY OP FORAGE GRASSES TO 
CEREAL SMUT FUNGI. IV. CROSS-INOCULATION 
EXPERIMENTS WITH UROCYSTIS TRITICI, 

U. OCCULTA, AND U. AGROPYRI^ 

G E 0 E G E W . r I S G H E R AND C . S . H 0 L T 0 N 2 
(Accepted for publication February 19, 1943) 

INTRODUCTION 

Plant pathologists and mycologists have long noted the morphological 
similarity within 3 species of causing flag smut of grasses, wheat 

(Triticum aesUmm L.), and rye (Secale cereale L.), namely, Urocystis 
agropyri (Prenss) Schroet., JJ, tritici Koexn., and U. occulta (Wallr.) Rah., 
respectively. Until recently, however, no similarity in host relationships 
had been demonstrated. McAlpine (12) tried repeatedly to cross-inf ect 
wheat and rye with their respective flag smuts, and, being unsuccessful, con- 
cluded that the two species (U, tritici and U. occtiUa) are distinct. Griffiths 
(5) inoculated seed of redtop {Agrostis alha L.), timothy (Phletim pratense 
L.), rye, and wheat with flag smut from wheat and rye. The inoeuluin from 
wheat infected only wheat, and that from rye infected only rye. Jarrett 
(10) was unsuccessful in repeated attempts to extend the host range of U. 
tritici to other cereals and to grasses, and concluded that the flag smut of 
wheat is strictly limited to wheat. Recently, however, there "was reported 
(3) the results of the first partially successful attempts at cross inoculation 
within these 3 species. 

All 3 species of Urocystis mentioned above occur in the United States. 
Flag smut of grasses and flag smut of rye (also improperl}^ called stem 
smut)^ have long been known in this country, but flag smut of wheat is of 
comparatively recent appearance, having been discovered in the middle west 
first by S. M. Zeller in 1918, and then by J. G. Dickson in 1919 according to 
Humphrey and Johnson (9), and to Tisdale et al, (16). In 1940 it was 
reported from central Washington by Heald and Holton (6). 

The origin of flag smut of wheat in the United States has been a much- 
discussed matter. Brittlebank (1), according to Tisdale et al. (15), was of 
the opinion that the disease probably had been introduced with the 5,500,000 
bushels of wheat exported to the United States from Australia in 1918. This 

1 Cooperative investigations of tlie Divisions of Forage Crops and Diseases, and Cereal 
Crops and Diseases, Bureau of Plant Industry, Agricultural Beseareii Administration, 
United States Department of Agriculture, with the Washington State Agricultural Experi- 
ment Station, Pullman, Washington, and the Soil Conservation Service, United States 
Department of Agriculture. Published with the approval of the Experiment Station 
Director as Scientidc Paper No. 539. 

2 Associate Pathologist, Division of Forage Crops and Diseases, and Pathologist, 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, Agricultural Kesearch 
Administration, United States Department of Agriculture. 

‘J The designation of ^^stem smiit*^ should he reserved for those smuts that involve 
the stem only, such as is typified by Pstilago hypodytes (^eh.) Fries. Flag smut of rye 
sporiilates chiefiy in the leaves and leave sheaths, and, even though the culm and inflores- 
cence may be involved, the typical striped or flag ^’aspect is obvious. 
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opinion prevailed until it was pointed out hy Tisdale et al (16), in 1927, 
that aetiially the first collection of flag smut of wheat in this country was 
made in 1918. Tisdale et al. (16) explained that the disease had to be pres- 
ent in the middle west at sowing time in 1917 in order to infect the crop of 
1918, blit added that this did not preclude the possibility of flag smut having 
been introduced into this country along with earlier shipments of wheat or 
other products from Australia or some other country. 

In 1938 the senior writer found squirrel-tail grass {Sitanion yiibatum 
L.), seriously infested (50 per cent) with flag smut (Urocystis agropyri) in 
Klickitat County, Washington. No particular attention was paid to this 
incidence of flag smut in squirrel-tail grass until its discovery in wheat 2 
years , later in the same locality. This led to some conjecturing as to the 
possible relationship that might exist between the flag smut of squirrel-tail 
grass and that of wheat. Flag smut of grasses has been long prevalent 
throughout the country on a wide variety of grasses (2, 17), and since no 
adequate explanation has been provided as to the source of the recent out- 
break of the wheat flag smut in Washington, as well as in the Middle West 
in 1918 and 1919, the question arose as to whether these outbreaks repre- 
sented strains of the similar smut of grasses that were capable of attacking 
wheat. The morphologically identical flag smut of grasses occurs in the 
Northwest on many species of Agropyron, Bromus, ElymiiSj FesUica, Hor- 
deum^ Melicay Boa, and Sitanion^ and if the host range over the United 
States as a whole be considered, other genera could be added. This being 
the case, it seems reasonable that cultivated wheat might also be included, 
especially if common susceptibility could be demonstrated. Evidence of 
this could be obtained only from cross-inoculation experiments, the results 
of which are presented in this paper, together with a discussion of their 
bearing on the whole problem of flag smut in the United States, especially 
with regard to host relationships. 

methods and materials 

Inoculation of grasses was effected by processing the seed in an aqueous 
suspension of smut spores, under partial vacuum. Wheat and rye were in- 
oculated by dusting the seed with spores. All tests with wheat and rye were 
run in the greenhouse, as were most of the grasses, although some were 
planted in the field. These latter were started in the greenhouse in wood 
veneer plant bands and later transplanted as seedlings to the field. Since 
spores of Urocystis agropyri germinate more slowly than spores of U. iriiici 
and Z7. ocmlta, they were soaked in tap water in the refrigerator at 2-5° C. 
for several weeks before being used. No pre-soaking was necessary for TJ. 
tritici eiiid U. occiilt a. 

Inocula of Urocystis agropyri were obtained from collections made dur- 
ing the past several years. The infected plant parts were macerated in 
water and the spores thus freed were recovered by straining through cheese- 
cloth. Two collections of U, tritici were used in these studies, one of which 
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came from LeaYemvortli, Kansas/ and the other from Goldeiidale, "Washing- 
ton. The inoenliim of U. occulta was obtained from University Farm, St. 
Paul, Minnesota.^ 

RESULTS 

Some greenhonse experiments of a very preliminary nature were carried 
out in 1940. One or more accessions of Agropyron, Elymus, Eordeum, and 
Sitanion spp. were inoculated with 3 collections of Urocystis agropyri and 1 
of JJ. trifici, Agropyron inerme (Scribn. and Smith) Eydb., alone became 
infected with ZJ. tritici, while A. trachycaulum (Link) Malte, A. spicahm 
(Piirsh) Scribn. and Smith, A. inerme y Ely mus glaumis Buckl., E. canaden- 
sis h.^ Sitanion jubahmiy and B. hystrix (Nutt.) J. G. Smith \vere infected 
with Z7. agropyri. 

GREENHOUSE-FIELD PLANTINGS 

Seed of many species of Agropyron, Bromus, Elymtts, Festucay Hot- 
demn, LoUiim, and Sitanion was inoculated with Urocystis a, gropyri (from 
Hordeum nodosum, Corvallis, Oregon), two collections of U. tritici and one 
of U. occulta. The inoculated seed was planted in the greenhouse in late 
winter (1941) and the seedlings were transplanted to the field early the 
following spring. 


TABLE 1 . — EesiiUs of inoculations of grasses with flag smut of wheat, flag smut of 
rye, and flag smut of grasses {Vrocystis tritici, JJ. occulta, and U. agropyri respectively)^ 


Species 

Aec. No.^ 

Source and identity of inoculum 

Vrocystis 

agropyri 

Vrocystis tritici 

Vrocystis 

occulta 


Oregon 

Washington 

Kansas 

Minnesota 

Agropyron caninum 

F138 

c 

■ 

+ 


Agropyron catimim, 

P 139 

+ 


+ 

+ 

Agropyron inerme 

W2522 

— 

— 


+ 

Agropyron repens 

F140 

— 

+ 

+ 

_ 

Agropyron semicostatum 

W 2903 

■ — 

4- 

+ 

_ 

Agropyron spicaiuni 

W736 

— 

+ 


_ 

Agropyron spicatim 

W 739 

— 


-j- 

- 

Elymus canadensis 

W786 

_ _ 

__ 



Elymus canadensis 

W788 

+ 






Elymus canadensis 

W 2389 

. + 





Elymus canadensis 

W3549 

+ 

— 



Elymus canadensis 

W 4669 

+ 




Ely tuns glaucus 

W 1753 





Elymus glaucus 

W 2662 

_ 

+ 



Elymus tritiaoides 

W 2741 


+ 

“ 

- 


A. species of Bromus, Festuca, Hordeum, Holium, and Sitanion were ineluded also 

but did not become infected. For the sake of brevity these are not listed 

b<<p>> numbers are those of the senior writer.* “W” numbers are those of the 
boil Lojiservation Service, United States Department of Agriciilture, Pullman Nursery 

VJ lilt. 

^ ~ - not inoculated. 

+ =typicaHiag-simit symptoms developed. 

- = no signs of infection. 

^ Supplied by A. G. Johnson, Bureau of Plant Industry. 

>'5 Supplied by J. J. Christensen, 
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The results of this experiment are presented in table 1, where only those 
species are listed that proved susceptible to one or more of the flag smut 
collections. The perennial nature of this infection was shown by the fact 
that plants observed to be infected in 1941 showed flag smut again in 1942. 
The percentages of infection were quite variable, ranging from a trace to 
nearly 50 per cent (17. occulta on E, canadensis). 

experiments in the greenhouse 

Where there was sufficient spore material, inoculum was prepared from 
the above infected grasses (Table 1) infected with flag smuts of wheat, rye. 


TABLE 2. — Besults of inoculations of wheat, rye, and grasses with flag smut (Vro- 
cystis agropyri, TJ. tritici and XI. occidta) iahen from grasses artificially infected with 
flag smut 


Smut 

Original source 

Immediate source 

Grass or cereal 
inoculated 

Per 

centb 

smut 

U. agropyri 

Eordeum nodosum, 
Oregon 

‘Elymus canadensis 
W4669 

Elymus canadensis 

W 4669 

3.4 

TJ. agropyri 

Eordeum nodosum, 
Oregon 

Elymus canadensis 

W 2389 

Elymus canadensis 

W 2389 

8.5 

U. agropyri 

Eordeum nodosum, 
Oregon 

Elymus canadensis 

W 3549 

Wheats 

0.0 

If. agropyri 

Eordeum nodosum, 
Oregon 

Elymus canadensis 

W 3549 

Rye (Prolific) 

0.0 

U. tritici 

Wheat, Washington 

E.glaucus W 1753 

E. glaucus W 1753 

34.7 

TJ. tritici 

Wheat, Washington 

E. glaucus W 1753 

Wheat 

33.7 

TJ. tritici 

Wheat, Washington 

A. caninum F 139 

A. caninum F 139 

0.0 

TJ. tritici 

Wheat, Washington 

A. caninum F 139 

Wheat 

20.4 

TJ. tritici 

Wheat, Washington 

E. triticoides 

W 2741 

E. triticoides 

W 2741 

0.0 

TJ. tritici 

Wheat, Washington 

E. triticoides 

W 2741 

Wheat 

39.4 

JJ. tritici 

Wheat, Washington 

A. r opens F 140 

A. repens F 140 

1.4 

TJ. tritici 

Wheat, Washington 

A. repens F 140 

Wheat 

11.4 

TJ. tritici 

Wheat, Washington 

A. semicostatum 

W 2903 

A. semicostatum 

W 2903 

5.3 

TJ. tritici 

Wheat, Washington 

A. semicostatum 

W 2903 

Wheat 

14.2 

TJ. tritici 

Wheat, Kansas 

A. caninum F 138 

A. caninum F 138 

13.7 

TJ. tritici 

W'heat, Kansas 

A. caninum F 138 

Wheat 

20.8 

TJ. tritici 

Wheat, Kansas 

A. spicatum W 739 

A. spicatum W 739 

5,0 

TJ. tritici 

Wheat, Kansas 

A. spicatum W 739 

Wheat 

26.1 

TJ. tritici 

Wheat, Kansas 

A. repens F 140 

A. repens F 140 

3.7 

TJ. tritici 

Wheat, Kansas 

A. repens F 140 

Wheat 

12.0 

TJ. occulta 

Rye, Minnesota 

E. canadensis 

W788 

E. canadensis 

W788 

4.3 

TJ. occulta 

Rye, Minnesota 

E. canadensis 

W788 

Rye (Bakold) 

32.8 

TJ. occulta 

Rye, Minnesota 

E. canadensis 

W2389 

E. canadensis 
W2389 

14.2 

TJ. occulta 

Rye, Minnesota 

E. canadensis 

W2389 

Rye (Bakold) 

35.4 

TJ. occulta 

Rye, Minnesota 

A. caninum F 1Z9 

A. caninum F 139 

0.0 

TJ. occulta 

Rye, Minnesota 

A. caninum F 139 

Rye (Prolific) 

8.3 


a All wheat listed in this column is KanredxHard Federation (G.I. 10092). 
b Infection percentages based on a range of from 7‘-215 plants per row, with an aver- 
age of at least 90. 
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and grasses, and used to reinoculate their natural hosts. All cereal and 
grass seed thus inoculated was sown in rows in the greenhouse October 13, 
1941. The first symptoms on both grasses and cereals were observed Novem- 
ber 29 ; and on December 26 notes were taken. The results of these inocula- 
tions are presented in table 2. 

The results (Table 2) fully substantiate those of the field sowings in 
which several species of grasses were infected with Urocystis iritici and 
U. occulta. In every case, excepting check rows, infection was obtained on 
rye inoculated with U. occulta from the artificially infected grasses, and on 
wheat with U. tritici from artificially infected grasses. The fact that the 
infection percentages on the cereals were generally so much higher than on 
the grasses leaves little room for any doubt that the apparent infection of 
the grasses with the cereal flag smut is valid. 

Considering the foregoing results of the preliminary inoculations of 
grasses with flag smut, it seemed desirable to follow up with a more ex- 
haustive test, using several recent collections of Urocystis agropyri in addi- 
tion to U. tritici and U. occulta. Following the same technique already 
outlined, seed of the following grass species was inoculated with 4 collec- 
tions of U. agropyri, 2 of U. tritici, and 1 of Z7. occulta: Agropyron cristatum 
(L.) Gaert., A. dasystachyum (Hook.) Scribn., A. desertorum (Fisch.) 
Schult., A. elmeri Scribn., A. elongahim (Host.) Beauv., A. inerme, A. 
repens, A. semicostatum, A. sibiricum (Willd.) Beauv., A. smithii Rydb., 
A. spicatum, A. subsecundum (Link) Hitchc., A. trachycaulum, A. tricho- 
phorum (Link) Rieht. ; Elymus canadensis, E. glaucus, E. sihiricus L., E. 
triticoides; Hordeum brevisubulatum (Trin.) Link, if. buTbosum Jj., if. 
jubatum L., H. jiihatum var. caespitosum (Scribn.) Hitchc., Poa ampla 
Merr., P. nevadensis Vasey, P. pratensis L., P. secunda PresL; Bit anion 
jubatum. In addition to the above grasses the following cereals were in- 
cluded: Hard Federation wheat (C.I. 4733), Kanredx Hard Federation 
wheat (C.I. 10092), Prolific rye, Dakold rye, and Rosen ryexSecale man- 
tanum Guss.® The inoculated seed was planted in rows in greenhouse 
benches, January 1, 1942. On February 3 the first symptoms were noticed 
in several of the grasses. It was observed at that time, and has been noticed 
repeatedly since, that flag smut apparently does not appear earlier than on 
the third seedling leaf. Data were taken beginning March 14, 1942. 

The positive results of the above inoculations of grasses and cereals with 
se\ en flag smut collections are given in table 3. The grass-host range of both 
Urocystis tritici and U. occulta is extended by the above experiment. New^ 
hosts for the wheat flag smut are Agropyron dasystachyum, A. desertorum, 
A. trachycaulum, Elymus canadensis, and Sordeum jubatum var. caespito- 
sum. Elymus triticoides is a new host for U. occulta. These results present 
the first published experimental evidence of the existence of physiologic 
specialization in the flag smut of grasses, Urocystis agropyri. Collections 
C-I, C-H, and C~P, ivcmx Agropyron trachycaulum, Hordeum jicbatum, mid 
Cross by B. C. Smith, formerly of the Bureau of Plant Industry. 
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Agropyron repens, i-espeetively have quite different host ranges and proba- 
bfy represent 3 different races. No satisfactory definite explanation can be 
offered for the behavior of eolleetion C-G, from Poa ampla. This collec- 
tion failed to infect any of the 28 species of grasses (including Poa ampla 
and other Poa spp.) inoculated, as well as the cereals. Either all of these 
were immune from eolleetion C-G, or, what seems more likely, the inoculum 
did not contain germinable spores.' 

The 2 collections of Uroeystis tritici, C-D and C-D^, have previously 
been shown (8) to represent 2 physiologic races, by their reactions on wheat. 
This fact is confirmed by their reactions on grasses (Table 3). On the 
wheat differentials the Washington race is more widely virulent than the 
Kansas race; whereas, on grasses, the Kansas race is considerably more 
virulent than the Washington race. A higher percentage of infection was 

m fact obtained on Elymus glaueus with the Kansas race than on the 2 
wheat varieties. 

The flag smut of rye did not appear highly virulent on grasses ; in fact 
it seems that a fair test of the susceptibility of the 28 grass species to all 
7 flag smut collections may not have been obtained ; as, in general, the ner- 
centages, of infection are low. Even with the inoculations of U. triUci on 
mown susceptible wheats, and of U. occulta on susceptible varieties of rye 
e percentages of infeedon were comparatively low, none exceeding 24.1 
per ceil . his would indicate that some unknown factors may have operated 

against infection in the entire experiment. l eiated 

Cross-inoculation Experiments with Uroeystis agropyri, U. tritici, and 
U. occulta on Cereals and Cereal x Grass Hybrids 

In a preliminary test (1940-41) on the susceptibility of wheat and rve 
to the flag smut of grasses (Uroeystis agropyri) 32 varieties of wheat and 2 
1 rrr ^ composite of collections from Elymus canaden- 

SIisrntiL to N C V f 7 varieties of wheat, known to be 

uioculated with Zoc susceptible to U. occulta were 

inoculated with U. occulta and a composite of collections of U agrovvri 

V. occulta, but, aside from this, the results were negative Then the exneri 
ment was repeated, using a mixture of collections of U. agroZi£vo7mu 

kIZTx rZZa ^ "^ 30 plants of 

KamedxHard Federation wheat resulting from seed inoculated with U 

t Stri' ? T ‘tem were used to remooilate Kenred 

"1:“^ a..d .1 per 

ocoulla ( 11 , 13, 14). ** by the techiuque employed with U. triUci and tl. 

« Collections C-I, 0-H. C-G anS r v a„ ^ r . . 

, o cr, and C-H. See footnote b, table 3. 
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Inasmiicli as various cereal x grass hybrids were available through the 
courtesy of cooperating agencies, a number of these hybrids and their 
parents were inoculated with Urocystis tritid and U. occulta. The results 
are shown in table 4. 


TABLE 4. — The residts of inomilaimg certain cereal x grass hybrids and their 
parents with Urocystis tritici and V. occulta in the greentiouse 


Host 

U. tritici 

U. occulta 

Secale montanum 

a 



Elyrnus condensatus 



Dakold jyexS. montanum 3-46. Fi seed 

" + 

+ 

Eoseii rye x S. montanum 22-12. E, seed 

-- 


Prolific rye x S. montanum 5-14. Fi seed 

+ 

-f 

MieheUs rye 



Dakold rye 

-- 

- 

Mosida -wlieat 

P 


Prolific rye : 


1- 

Eosen rye ' 

— 

4- 


a — r: no stand obtained. 

- = no infection, 

+ = typical flag smut symptoms. (Counts were not made and percentages of infec- 
tion were not caleulatcd.) 

As seen in table 4, 2 of the hybrids (Dakold TyexSecale montanum Fi 
and Prolific rye x 8. montanum Fi were infected with both Urocystis tritici 
and U. occulta. It was not surprising to obtain infection on these hybrids 
with the rye flag smut but tlie infection with the wheat flag smut was worthy 
of notice. Eepeated attempts to infect the rye parents, Dakold and Prolific 
rye, with flag smut of wheat have been unsuccessful. This would indicate 
susceptibility in the other parent, Sccale montammi. Unfortunately no 
stand was obtained with this grass, and this possibility \vas not tested. The 
susceptibility of 8 . montanum to the flag smut of rye, however, was demon- 
strated as early as 1907 by Heeke (7), accoixling to Noble (13). 

The results of the experiment on which table 4 is based, not the least of 
which was the infection of MicheFs rye wuth Urocystis occulta, prompted a 
repetition on a slightly larger scale. Urocystis agropyri (a composite of 
collections from Agropyron, H or denim, and Poa spp.) was added to the 
smuts, and other hybrids and parents added to the grasses. The results of 
this second experiment are presented in table 5. 

The results shown in table 5 at least partly substantiate the results 
shown in table 4, Only one of the xjexSecale montammi hybrids was in- 
fected with Urocystis tritici, and surprisingly enough, it was not infected 
with 77. occtMa. However, this was not the same hybrid as was used before 
(Table 4), although the parents are the same. The other hybrid that became 
infected with both !7. tritici and U. occulta in the previous test was this time 
not infected by either species. Again MicheFs rye showed some infection 
hj Urocystis occulta. Three other rye x Secale montanum hybrids, not in- 
cluded in the previous test, were infected with the rye flag smut. B^or the 
second time, Elyrnus condensatus appeai’ed to be immune from both the 
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TABIjB 5. ---Itesnlts of inoculations of cereal x grass liy’brids and their parents 
with Ufocystis tritici, U. occulta, and XJ. agropyri in the greenhouse 


Urocystis 

agropyri 


Seeale niontanum 

Mymus condensatus 

Dakold rye x S. montamim , 
Bosen rye x 8, montanmn F« T. .. 
Prolific rjexB. monta)iu7n~F^ 

MichePs rye 

Dakold rye 

Mosida wheat 

Prolific rye 

Bosen rye 

Spring rye x 8. montamim ........... 

8. cereale x8. montamm-li) . 

8. cerealex 8. montammi-i 

Wheat X Agropyron elongatum 
Agropyron elongatum 


No stands of Seeale montamim were obtained. 


wheat and the rye flag smuts. Mosida wheat did not this time become 
infected with TJ. tritiei, as it had before.® 

Urocystis agropyri produced no visible symptoms on any of the hybrids 
and parents tested. 

DISCUSSION 

The foregoing results indicate a genetic relationship between the flag 
smiut of grasses, Urocystis agropyri, and the flag smut of wheat, U. tritiei 
Possibly the flag smut of rye, U. occulta, is also involved, but the latter 
IS morpho ogieally distinct, whereas U. agropyri and V. tritiei are indis- 
tinguishable on that basis (4). The established susceptibility of several 
common grasses to U. tritiei indicates that native and introduced grasses 
could very easily support the wheat flag smut in nature, a fact which could 
eventually become a factor in the control of the disease on wheat. The pres- 
ent results indicate very little susceptibility in wheat to the flag smut of 
grasses. Still, the slight infection of KanredxHard Federation by If. 
^ropyri gives a hint that from the nation-wide grass flag smut there could 
have arisen strains that are capable of attacking wheat in addition to grasses. 
Thus, the outbreaks of wheat flag smut in the middle west and in the far 
west may have had an indigenous origin, rather than having been introduced 

whe.'it, but^Ums*'^^wn^crateiidVd I'oported as Mymus eondeasates x Mosida 

If it were a l.ybrirLtweervdfea? f montmum. 

wheat flag .smiit should be manifest esveciallv sWo'’?! suseeptibility to 

the lirat test. Instead, Miebel ’s rve Ins shnmi wheat parent became infected in 

smnt in both teat.s and no snseeptibility to wheat fl-it^smnT® ^ rye flag 

additional evidence that Michel’s rve n of might be interpreted as 

behaved, k these cxpeib^ntrmVcri LliY® «nm of wheat It has 


Urocystis 

tritiei 

Urocystis occulta 

Total 

plants 

Smut 

Total 

plants 

Smut 

No, 

Ter 

cent 

No. 

Ter 

cent 

a 

__ 

— — 



20 

0.0 

15 

0.0 

47 

6.8 

20 

0.0 

45 

0.0 

15 

0.0 

18 

0.0 

6 

0.0 

25 

0.0 

18 

5.5 

87 

0.0 

12 

0.0 

21 

0.0 

26 

0.0 

20 

0.0 

12 

16.6 

10 

0.0 

8 

50.0 

40 

0.0 

19 

15.7 

12 

0.0 

4 

25.0 

1 

0.0 

1 

100.0 

7 

0.0 

13 

0.0 

30 

0.0 

50 

0.0 
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from Australia or elsewhere. The hypothesis finds some support in the high 
degree of susceptibility of certain common native grasses {e,g.^ Elymus 
canadensis and E. glaucus) to the flag smut of Avheat in the United States. 
Eepeated attempts in Australia to infect grasses with the wheat flag smut 
having been unsuccessful (10), it is possible that a different race is prevalent 
in that country. 

This hypothesis that flag smut of wheat (in the United States) arose as 
strains of UrocysUs agropyri capable of attacking wheat may not seem very 
strongly supported by the results presented in this paper. However, too 
few collections of the grass flag smut have been studied for the idea to be 
abandoned wdthout further test. 

If the slight infection of Kanred xHard Federation wheat by Urocystis 
agropyri, described in the results above, is experimental evidence that flag 
smut of wheat, in the United States at least, represents strains of U. agropyri 
capable of infecting wheat, then the smut resulting from inoculation of 
Kanred X Hard Federation wheat with the bulk collection of U. agropyri 
might represent a ‘'strain’’ of U. agropyri that had been ‘‘screened out” 
on this wheat variety and that should be capable of continued propagation 
on the same variety. This is exactly what happened. Where only 6 per 
cent infection had been obtained when Kanred x Hard Federation was in- 
oculated with the composite collection of U. agropyri, 17 per cent infection 
resulted when this wheat variety w^as re-inoculated wdth inoculum made up 
from the original 6 per cent infection. 

It might be argued that there is no greater justification for an hypothesis 
that flag smut of wheat in the United States derived from the flag smut 
of grasses than that the converse could have happened. However, the flag 
smut of grasses has been known in this country for 3 or 4 decades longer 
than flag smut of wdieat and is widely distributed from coast to coast, 
whereas the wheat smut is localized in a few^ areas in the middle west and in 
one small area in the far west. 

The present results indicate that within the flag smut of grasses, Uro- 
cystis agropyri, there probably exist many physiologic races. Three of four 
collections included in these studies proved to represent different races. 
These results wuuld seem to strengthen the suggestion recently made (3, 4) 
that the flag smut of wheat, U. tritici, be considered a specialized variety of 
Z7. agropyri. There does not seem to be any more reason to recognize the 
flag smut of wheat as a distinct species than any of the other morphologically 
identical races on Grainineae. 

From the results of the cross-inoculation experiments to date it appears 
that the flag smut of rye has much fewer grass hosts than has that of wheat. 
Thus far only 2 species of Agropyron and 2 of Elymus have shown any sus- 
ceptibility to flag smut of ryej whereas 8 species of Agropyron, 3 of Elymus, 
and 1 of Eordeumhme shown more or less susceptibility to the flag smut of 
wheat. McAl^ (12) reported 11. occulta on Poa caespitosa Forst. and 
Lolium per enne h. in Australia but these records are subject to suspicion as 
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referring to U. agropyri rather tl 
trations of the spore balls of JJ. c 
completely invested by the sterile 
yv as U. agropyri. J" " ' 
and barley, but did not indicate 


laii to U. occulta. Me Alpine’s (12) 
'cculta on Poa caespitosa show the s 
. which would indicate that the 

McAlpine (12) also stated that U. occulta occurs or 
any authority for such records. 

SUMMARY 

mie results are reported of cross-inoculation experiments with +li« 
Ind the o.gropyri}, the flag smut of wheat {U tri 

^ Twelve species of grasses have been found more or less susceutible + 
Sag of Ttee a„ A!„-o„-on caninu.,, 

A. spicaium, A in 

amafrf ™“ “““ »"=»«Ptil>iIify to 

cmiadenm, and E. triticoides. ^ne)me; Ely: 

Tkere is evulence of eomiderable host specialisation in flic 

-hibi 

thus produced was easily pronacated T L f ’ “ 

1 •, ^ j/A vpdj^atcci on tli6 same wlioof viiT*ia+Yr Tin 

and rye seem to be immune from V occulta oud tt Wf 

seems immune from B. ,g„„“ ‘ I 

It is consiclorcd. tJidt ttiG present remilfa in/'iiV-kh • 

between Urocystis agropyri md V.tritm. U ucc'wZte maHlJo 
Considering the number of o.i.neeoc h, + i be involvi 

susceptibility to flao- smut of whest ^ exhibited at least slig 

may lav. arisen a. ‘‘ “ *'>« <•<« « of »h, 


V ur anacRing wheat, and 

lag smut in the United States may 
spread flag smut of grasses, rather 

■ the host relationships of the three 
identity already demonstrated and 
nag smut of grasses and the flag 
binomial having priority, which is 
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ESTIMATION OP THE LEAP AREA OP POTATO PLANTS 
POR PATHOLOGICAL STUDIES 

J.Gt.Baldi 

(Accepted for publicatioH November 16, 1942) 

INTRODUCTION 

Measurement of the leaf area of experimental plants is normally a labori- 
ous process, often involving the destruction of the plants on which measure- 
ments are taken. A method recently has been devised^ that greatly facili- 
tates such measurements, that can be applied without injury to experimental 
plants, and that is as accurate as some of the more laborious methods. A 
series of standards is obtained by making tracings of leaves graded hi size 
from the smallest to the largest, the tracings are numbered serially, and each 
leaf on the plants to be measured is matched with the standard nearest in 
size. The area of the leaf is recorded by applying to it the number of the 
corresponding standard. 

The principle of this method has been modified and extended to the 
measurement of whole plants. In an experimental plot, the areas of all 
eaves on a few plants differing in size are compared with a set of standard 
leaves, the total area for each plant is referred to a scale covering the whole 
range of plant size, and the plants are given numbers according to their 
position on the scale. They are then used as standards for estimating the 
size of all plants in the plot. In practice, once the reference plants are 
given numbers according to the scale, the erection of a full series of standards 

beemnes more an act of judgment and memory than of comparison. 

his method, if properly applied, is very quick and surprisingly accurate 
A practised operater, after establishing the scale of sizes by measurement 
and comparison, can walk through a plot calling the number that indicate 
plant size almost as quickly as they can be written dovra. By far the most 

Iheir """* '' M 

The adaptability of the method has been proved by applying it to potato 

After a little practice, the mental adjustment necessary when passino- from 
one vmety to another beeomes almost entirely mechanical. 

The method is subject to two kinds ot errors, errors of judgment and 
errors arising from the grouping of the leaf areas into classed. The ctt 
of ae former may be t«ded in two ways, by measuring the areas „ Ant 
ma a set of lea standards after the plante have been rated, and by maSt 
and comparing duplicate ratings. The errors of grouping are eouiyalent to 
those mvolved in the grouping of data for st.tisL.ll.Ily" 

1 Patliologist, B 

-iiKlJour, Agr. ScL 10 : 8k~84L measurement of leaf areas of plants. 


922 


1943] 


Bald: Estimation of Leaf Area 


923 


small, provided sufficient classes are established, and the data are well dis- 
tributed amongst the classes. 

The success or failure of the method depends on how great are the errors 
of judgment in, comparison with the accuracy demanded by the nature of 
the experiment. 

DESCRIPTION OF THE EXPERIMENTAL PLANTS 

Leaf areas for whole plots of potato plants were needed for two types 
of experiment, i.e., on transmission of leaf roll by aphids and on yield. The 
method of obtaining the leaf area was developed by trials mainly on a block 
of plants set out for investigations on the aphis transmission of leaf roll. 
The majority of examples and results given in the following description are 
drawn from the data for this block. 

The block consisted of 864 plants in 16 rows of 54, and was surrounded 
by check rows to eliminate edge effects. The experiment was designed to 
include four varieties, Early Carman, = Western Australian Delaware (early 
varieties) , Up-to-Date, and Tasmanian Brownell. The statistical unit sub- 
plot was intended to consist of 5 plants of the same variety and an Up-to- 
Date plant known to be infected with leaf roll, but When the plants were 
growing, it was found that the healthy Up-to-Date stock contained about 40 
per cent, of another variety, probably Great Scot. 

The first attempt to obtain a figure for leaf area was semi-quantitative, 
and was made on October 9th. Five other ratings were made, the last on 
December 11th. At this time, both early and late varieties had completed 
the period of most rapid vegetative growth and were developing tubers. 

TABLE 1. — Matings and corresponding leaf areas for the scale used in estimating 
areas of potato leaves 


Eating 

Log leaf area 

Ijeaf area 


sg, cm. 

sq. cm. 

<1 

1.0 

10 

1 

1.32 

21 

2 

1.425 

27 

3 

1.53 

34 

4 

1.635 

43 

5 

1.74 

55 

6 

1.845 

70 

7 

1.95 

89 

8 

2.055 

114 

9 1 

2.16 

145 

10 

2.265 

184 

11 ! 

2.37 

237 

12 

2.475 

299 


DEVELOPMENT A STANDARD FOR LEAVES 

In obtaining a standard series of ontlines, a nnmber of leaves varying 
in size, shape, and variety, were picked from plants of the same varieties as 
3 Por a discussion of the origin of these varieties, see C.S.I.E. (Australia) Pamphlet 
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were in tlie experimental block, and contact prints were made of them on 
pliotograpliic paper. Eeasonably clear prints were obtained, without injur- 
ing or distorting the leaves, by placing them with the midrib lying in a 
channel between two sheets of glass placed slightly apart on the screen of a 
printer. Pressure could then be exerted to bring the paper and the leaf 
into contact without crushing the leaf. 

When the prints of a number of leaves were made, they were laid out on 
a bench. Three of the smallest were chosen bcause they appeared to belono* 
to an evenly ascending series of sizes and rated 1, 2 and 3. Amongst the 
prints available there did not appear to be a fourth that was bigger than 3 
by the same amount as 3 was bigger than 2 or 2 than 1. Similarly, there 
W’'as none that seemed of a size to be rated 5, but there was one that could be 
rated 6 ,* and from there the series was continued up to 8 by the choice of 
two successively larger leaves. The areas of the chosen prints were mea- 
sured with a planimeter and compared with the ratings. The results are 
shown in figure 1, a. Other attempts at rating gave similar results. 


• MEASURED BEFORE RATING 
O MEASURED AFTER RATING 
0 NOT correctly RATED 




It was obvious that the points did not fit well into an arithmetie series, 
but when logs of the areas for a series of ratings were plotted, the values fell 
about a straight line. Apparently the mind judges leaf area on a basis of 
proportionality, by the addition or substraetion of equal relative inere- 

mcnts rather tluin of absolute inerements. 

riiis basis appeared to offer a eonvenieiit means of compressing a wide 
range of snies into a workable scale. Prints of leaves were measured until 
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samples Avere obtained that fitted into the 12-point scale shown below (Table 
1). This scale was not too coarse for the land of work contemplated, and it 
was quick in use and convenient to handle. The prints chosen were pasted 
on cloth sheets, supported on a stiff board, and bound at the top. 

No leaves were found that were too large to be rated 12, but there was a 
number smaller than the leaf rated 1. An area of 10 sq. cm. was ascribed to 
all these leaves, and to the whorls of young leaves at the growing tip. 

To remove the chance of bias in matching the leaves because of differ- 
ences in shape, the more dissected types were chosen for odd-number ratings, 
and the more rounded and less dissected types for the even numbers. A 
leaf of any shape could then be placed for comparison between two some- 
what similar outlines. The alternation of different shapes on the scale also 
helped to obviate the need for constructing different scales for different 
varieties. 

DEVELOPMENT OP A STANDARD FOR PLANTS 

The first two ratings of this block of iDlants were made on October 9 and 
16. Plants were noted as ^Liot yet up,’^ ^‘aboveground but the first young 
leaves not fully expanded, ^ and ‘ ‘ the first young leaves expanded. ’ ’ This 
classification was given quantitative expression by assuming that the second 
and third classes were equivalent to the first two on a scale developed for 
the third rating made on October 24 (Table 2). The areas so obtained were 
not grossly incorrect, and they gave a reasonable picture of the relative leaf 
areas of the diffei-ent varieties at each date. 

On October 24 the plants were rated on a 10-point scale by choosing the 
largest and some of the smallest plants, rating them 10 and 1, and ascribing 
what seemed appropriate values to plants of intermediate size. After the 
rating was made, plants of various sizes and varieties were chosen at random, 
and the leaf areas were found by measurement with the leaf standards. The 
results were somewhat irregular, but they did not suggest that estimation of 
the leaf area of whole plants was made on a simple basis of proportionality. 

A week later, the largest plant had nearly doubled its leaf area so an 
attempt was made to double the intervals on the scale for rating. The re- 
sult was fairly successful ; the largest plant was rated 9 and the intermediate 
ratings were about double the previous ratings. Again the estimates of leaf 
area could not be fitted on a simple basis of proportionality, but neither did 
the increments appear always to be equal on an arithmetical scale although 
they were near enough to equality to make the use of an arithmetical scale 
permissible. The values shown' in table 2 were used in converting the rat- 
ings to areas. The values for 24.10.42 and 31.10.42 were obtained from 
straight lines fitted to experimental values on a graph of the measured leaf 
area plotted against the rating previously given to the measured plants. 
Immediately after the ratings in the plot were completed, a number of plants 
of various sizes were chosen at random, and their leaf areas measured by 
means of the leaf standards. For each plant the area so obtained was 
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plotted against tlie rating. Straight liiie>s were fitted to the points on the 
graph. 

The lines that gave the values in table 2 varied very slightly, but far 
from significantly, from those obtained by the method of least squares : the 
increments gave the nearest rounded figures to the figures calculated. 


TABLE 2. — Scales used in converting ratings of 'plant size into leaf areas. 
Moll Transmission Exp. Block 1, 


a There were no significant differences in the leaf areas of ]5lants of Early Carman, 
Delaware, and Up-to-Date that were equally rated. 

The estimation of leaf area for one variety, Brownell, showed a bias 
resulting in ratings for the larger plants that were too high, i.e.y the plants 
were judged to have a greater leaf area than they really had. A separate 
scale was used for this variety in converting the ratings to areas. In later 
estimates of leaf area the bias was corrected, and it was possible to use the 
same scale for all plants. 

The rating of November 12 provided a possible explanation for some of 
the apparent irregularities in previous estimates. It was decided to use a 
15-point scale; in fact, the highest rating given was 14. Leaf areas of a 
number of plants, measured after the estimates of leaf area had been made, 
were plotted against the ratings for the same plants. Prom 2 to 14 they 
formed an evenly ascending series fitting the conception that leaf areas for 
whole plants were judged on a basis of proportionality, but the mean area 
of plants rated 1 fell far below what would have been expected from the 
figures for the larger plants. The scale for November 12 was obtained by 
fitting a straight line to the points obtained by plotting log leaf area of a 
number of rated plants against the ratings given them. In class 1 were 
grouped all plants with a leaf area less than about 12 sq. dm. 

Reexamination of the data for the estimates of October 24 and 30 showed 
that there wms an alternative to the arithmetic scale for converting ratings 
to areas, an alternative that eliminated some of the variability shown in the 


Date: 

24.: 

L0.41 

31.10.41 

12 

.11.41 


aArea ii 

1 sq. dm. 


aArea ii 

1 sq. dm. 



Eating 

3 varie- 

Brown- 

Eating 

3 varie- 

Brown- 

Eating 

i Lit* XXJL 

sq.dm. 


ties 

ell 


ties 

ell 


1 

.5 

0.4 

1 

2.25 

1.25 

1 

6.2 

2 

3.0 

2.0 

2 

7.25 

5.0 

2 

16.5 

3 

5.5 

3.6 

3 

12.25 

8.75 

3 

18.7 

4 

8.0 

5.2 

4 

17.25 

12.5 

4 

21.4 

5 

10.5 

6.8 

5 

22.25 

16.25 

5 

24.6 

6 

13.0 

8.4 

6 

27.25 

20.0 

6 1 

28.3 

7 

15.5 



7 

32,25 



32.5 

8 

18.0 


8 

37.25 


8 

37.0 

9 

20.5 


9 

42.25 


9 

, 43.0 

10 

23.0 




1 

10 

49.0 







11 

56.0 







12 

64.0 







13 

74.0 



i 




14 

85.0 
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iiieasureiiients of the leaf areas of rated plants. The data were fitted quite 
well by assuming that the area of plants both above and below 12 sq. dm. 
was estimated on a basis of proportionality, but that the logarithmic incre- 
ments between classes for the smaller plants were greater than for the larger 
plants. Classes 6 to 10 at the third rating (October 24), 3 to 9 at the fourth 
rating (October 31), and 2 to 14 at the fifth rating (November 12) w^ere in 
the range where logarithmic increments between classes were relatively 
small. It is possible that the mind, faced by the problem of rating plants 
over a relatively enormouSi range of sizes, reduced the scale for estimating 
leaf area when the increments in actual leaf area became too large, but con- 
tinued to make estimates on a basis of proportionality. 

TABLE 3 . — Scale for estimating sise of potato plants 


Rating 

Log mean 

Mean 

Limits 




sq. dm. 

sq. dm. 


1 

0.86 

0.7 

0.55- 0.95 


2 

0.10 

1.25 

0.95- 1.65 


3 

0.34 

2.2 

1.65- 2.9 


4 

0.58 

3.8 

2.9 - 5.0 


5 

0.76 

5.8 

5.0 - 6.6 


6 

0.88 

7.6 

6.6 - 8.7 


7 

1.00 

10.0 

8.7 - 11.5 


8 

1.12 

13.2 

11.5 - 15.1 


9 

1.24 

17.4 

15.1 - 20.0 


10 

1.36 

22.9 

20.0 - 26.3 


11 

1.48 

30.2 

26.3 - 34.7 


12 

1.57 

37.2 

34.7 - 39.8 


13 

1.63 

42.7 

39.8 - 45.7 


14 

1.69 

49.0 

45.7 - 52.5 


15 

1.75 

56.2 

52.5 - 60.3 


16 

1.81 

64.6 

60.3 - 69.2 


17 

1.87 

74.1 

69.2 - 79.4 


18 

1.93 

85.1 

79.4 - 91.2 


19 

1.99 

97.7 

91.2 -105.0 


20 

2.05 

112.0 

105.0 -120.0 


21 

2.11 

129.0 

120.0 -138.0 



STANDARD METHOD OP RATING PLANTS 

It was decided to fix a scale to which all plants rated could be referred, 
and to design it according to this hypothesis. By using one scale much of 
the labor and many of the errors likely to result from the use of diverse 
scales would be avoided. On the other hand, in order to use such a scale 
plants of known size had to be found and used as standards for every series 
of ratings made. The scale finally chosen is shown in table 3. It covers a 
range from 0.7 to 129 sq. dm. ; the former represents the leaf area of a young 
plant almost as soon as the first leaves have expanded above ground and the 
latter a large mature plant. For plants of a leaf area within the range 
between i sq. dm. to 5 sq. dm. the unit difference between ratings on the 
logarithmic scale is 0.24, which implies that a unit increase in the rating 
corresponds to an addition of | of the previous leaf area. If this scale were 
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maintained for bigger plants the increments of leaf area ^Youkl become too 
large ; so, between the ratings 5 and 11, the logarithmic rate is reduced to 
0.12. This means that a unit increase in rating is made for an increase of 
about one-third in size. For plants of an area greater than 35 sq. dm. the 
rate of increase for each rating is reduced to about 15 per cent. With very- 
large plants, even this is a large increment. 

The usual procedure in rating a block of plants was as follows. The 
leaf standaids, lc., the prints of the leaves of known standard size, and the 
scale of sizes for plants were taken into the block of plants to be measured. 
There was generally an assistant to write down the ratings as the observer 
gave them. The observer chose one of the biggest plants: from previous 
experience he might decide it had a leaf area of about 12, according to the 
rating of the fixed scale. Beginning with the bottom leaf of one shoot, each 
leaf on the plant was systematically compared with the leaf standards and 
rated. Immediately the plant was finished, the leaf ratings were converted 
to areas and the leaf area of the whole plant was found. The rating appro- 
priate to the leaf area was then found from the scale for plants. Instead 
of 12, the correct rating might be 14. Then one of the smaller plants would 
be chosen; its rating might be guessed as 4. Perhaps, after measurement. 
Its true leaf area would be found to lie near the border line between ratings 
5 and 6 within the range of areas rated 5. Intermediate plants would be 
measured until the preliminary guesses were found substantially correct. 
When the leaf areas extended from, say, ratings 2 to 14, perhap.s 7 plants 
would be measured, and intermediate sizes interpolated mentally between 
those fixed by measurement. Having made a careful examination of the 
standards, the observer began at one corner of the plot, walking along each 
row m succession, calling a number for each plant. The assistant '"wrote 
this iiumber in the appropriate place on a cyelostyled plan of the plot. 

"V\ hen the rating was complete, a few plants were chosen at random in 
the plot, their leaf areas measured with the leaf standards, and compared 
with the ratings already made. The plants originally used as standards 
also semed as checks on the ratings, provided they were well distributed 
throughout the plot. In a plot of any size, these plants were practically 
never recognized when the systematic rating of plants was being made. 
Quite apart from the difficulty of recognizing one particular plant in hun- 
dreds the act of rating demanded a degree of concentration that prevented 
other observations being made at the same time. 

ERRORS IN ESTIMATION ■ 

altogether successful; 

., u It 1 practice, the accuracy of the estimations improved beyond that of 
icitiiigB made bef ore it was devised. 

An example of the accuracy attained is illustrated in figure 1, B These 

e^teTbetw differences 

- -ed between 2o tuber lines from a commercial stock of the variety Factor 
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The block contained 600 plants. The leaf areas of 9 plants 
of the block were measured to provide standards of refer- 
of all plants was made, and the leaf areas of 4 more w^ere 


(Updo-Date), 
in various parts 
ence, the rating 


CARMAN ZERO 
UP TO DATE ADVANCED I DAY 
DELAWARE ADVANCED 2 DAYS 
BROWNELL ADVANCED 8 DAYS 
'LEAF ROLL 
:UPTODATE ZERO 


10 , 000 ! 


Pig. 2. Emergence and increase of total leaf area for liealtny plants oi loni -v aiicw^b 
of potato and one infected with leaf roll. The figures for emergence of the healthy plants 
were adjusted on the time scale until all varieties fell on the same frequency ^ 

equivalent adjustments were made when plotting the leaf areas. Significant diffcienccs 
between leaf areas are shown as vertical lines; for the last rating significant dilfeitnees 

between single varieties and paired varieties are both shown. 

measured afterwards. The 9 plants first measured were not recognized 
when they were rated. 

The estimates of leaf area for plants measured before and after the rat- 
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ings were equally reliable. Ten of the 13 plants were correctly rated, the 
rating of 2 plants was high, and of the other one low. The total leaf area 
of the 13 plants was, according to the measurements, 129.8 sq. dm., and ac- 
cording to the estimates, 123.1, a difference of 5 per cent. For comparison 
wdth these two figures, a third total, 127.2, was obtained by attributing to 
each plant the mean area for the class into which it fell according to the 
measurements. This figure is 2 per cent below the total obtained by sum- 
ming the actual measurements of leaf area. Of the difference of 5 per cent, 
this 2 per cent may be attributed to errors due to grouping the data, and 3 
per cent to errors due to incorrect rating. No bias was introduced into the 
results by the method of rating, and the breaks in the scale did not affect 
the accuracy of estimation. 

The consistency of rating may be illustrated by an earlier estimate of 
leaf area from the same experiment. This estimate was obtained before all 
the plants in the block had emerged from the soil and before the fixed scale 
was devised. A 6-point scale wns used, and the plants barely aboveground 
or not yet up were rated 0. Two independent ratings were made, one in 
the morning and one in the afternoon of the same day. About 70 per cent 
of the plants were given the same rating on each occasion, and all the re- 
mainder, except about one per cent, differed by 1 point on the 6-point scale. 
The combined ratings for unit sub-plots of 4 plants, of which there were 150 
in the block, were used in calculating the correlation between the two esti- 
mates of leaf area. A value of r = 0.968 was obtained, which shows the high 
degree of association between the two estimates. The mean ratings for the 
150 sub-plots were 7.35 and 7.24, ic., they differed by only 1.5 per cent. 

From these results it appears that the method of estimating the leaf area 
of plants in field plots may be made accurate and reliable, and that the errors 
of estimation can be reduced below those due to the usual causes of variability 
affecting the results of field experiments. 

APPLICATION OP THE METHOD TO A FIELD EXPERIMENT 

A short description of the block of plants mainly used in the develop- 
ment of the method of estimating leaf areas was given earlier in this paper. 
The leaf area was estimated in order to give a basis for calculating the de- 
velopment of the total aphis' population in the block. The results are also 
of interest as a study in the vegetative growth of several varieties of potatoes 
and of diseased and healthy plants, although they cover only part of the 
whole growing period. 

Healthy plants consisted of 5 varieties, one of which (probably Great 
Scot) occurred as rogues amongst another variety (Up-to-Date). As there 
were no significant differences between them in leaf area over the period 
when ratings were made, Up-to-Date and Great Scot together are counted 
as one variety. The diseased plants were of the variety Up-to-Date infected 
witli leaf roll. There were 6 plots in the block of experimental plants, and 
each plot contained 24 sub-plots, 6 for each variety. There was a leaf roll 
plant in every sub-plot. 
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Leaf areas of all plants at 6 different dates were obtained from the rat- 
ing's by using appropriate scales, already described. Plot totals for each 
variky and for the leaf -roll plants were calculated and used as the basis for 
statistical analysis. The block totals for the different varieties were plotted 
against time, and the curves were examined to discover what differences 
existed between them. At first they seemed very different, but part of the 
difference was obviously due to the late emergence of the variety Brownell 
of which the seed tubers were not well sprouted at planting. A better 
comparison was obtained by shifting the curves along the time scale until 
the lower portions coincided. 

To obtain an estimate of the displacement on the time scale for each 
variety, the number of plants aboveground on the dates when estimates of 
the leaf area were made were plotted, and curves drawn through them. The 
most advanced variety was Early Carman : on October 9, 151 of 180 plants 
had emerged aboveground. Judging by the date on which the curves for 
the other varieties passed through the point representing the emergence of 
approximately 150 plants, the variety Up-to-Date (including Great Scot) 
was one day behind Early Carman, Delaware was 2 days, and Brownell was 
8 days. The curve for the leaf roll plants showed that germination was 
more irregular and spread over a much longer period than for the healthy 
plants ; therefore, no attempt was made to use it as a measure of emergence. 

The data for emergence and leaf areas were plotted again (Pig. 2) , the 
3 varieties other than Early Carman being advanced on the time scale, Lp- 
to-Date by 1 day, Delaware by 2 days, and Brownell by 8 days. There is a 
close coincidence of the curves for germination. The growth curves also 
-agree until the stage represented by the date November 12 for Early Car- 
man. Later, there is a divergence in the gro'wth of the early varieties. Early 
Carman and Delaware, from the later varieties, Up-to-Date and Brownell. 
The rate of expansion of the leaf area of the early varieties decreased very 
rapidly from the onset of flowering. Flowering began about November 12, 
when also, presumably, the tubers began to form. The corresponding period 
for Up-to-Date and Brownell began not long before the last rating was made 
on December 11. 

The only irregularities in the lower section of the curves occur among 
the readings for November 12, where a smooth curve can barely be fitted to 
the points within the range of significant differences. This variation prob- 
ably has little significance, and may merely represent imperfect adjustment 
on the time scale. The differences on December 12 between early and later 
varieties are highly significant, whatever small adjustments are made. 

The uniformity of growth of the different varieties in the early stages of 
development is the more surprising, because each curve represents a popula- 
tion of potato plants emerging over a period, and varying considerably in 
size and vigor. Also, during November and December a number of origi- 
nally healthy plants exhibited the first signs of infection with leaf roll. To 
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attain siieli nniforniity it is suggested tlie following conditions must have 
been satisfied : 

1. Tbe aggregate size of the rndinientary organs of root and shoot must 
have been of the same order for the populations of healthy plants of all 
varieties. "When the tuber pieces were prepared for planting this plot, they 
were cut as nearly as possible to a uniform size, and this may have helped 
produce uniform development of roots and shoots. 

2. After the plant emerged, all 4 varieties grew in a similar manner, in. 
spite of morphological differences. Until flowering they behaved as one 
variety ; afterwards, they behaved as two. 

3. The differences of leaf area of early and late varieties are due to the 
incidence of whatever stimulus caused the diversion of metabolic energy 
from vegetative growdh to the formation of flownrs and tubers. It did not 
depend on differences in metabolic effieieiicy. 

4. In the first stages of infection with leaf roll, infection did not greatly 
affect the growdli of the plant. 

It is plain from the curves in figure 3 that the emergence and growtli of 
ITp-to-Dates wnre greatly influenced by long established infection with leaf 
roll Emergence continued over a longer period, and far less than 100 per 
cent of the seed tubers produced plants. Growth wns slower and less regu- 
lar than for healthy plants of the same and other varieties. A few com- 
paratively vigorous plants wnre produced, but, in most, symptoms of rolling 
and lack of vigor appeared very early. The plants remained stunted for 
some time. Many appeared to become more vigorous during early Novem- 
ber, and this is reflected in the rise of leaf area between October 31 and No- 
vember 12. The reason for the very slow growdh at first appeared to be 
that internal necrosis and thin sprouts were common amongst the seed tub- 
ers. They represented conditions very unfavorable for the transport of 
food materials to the young plant, and their use in the development of ne^v 
tissues. 

SUMMARY 

A method has been evolved whereby the leaf areas of groups of potato 
plants have been estimated \vith an accuracy ordinarily assumed to be 
attainable only by direct measurement. 

The estimation is quickly enough made to allo^v the measurement of 

comparatively large blocks of potato plants within a few hours. 

An example is given of the application of the method to a block of 864 
plants laid down as part of an experiment on the transmission of leaf roll. 
The rates of increase in leaf area of early and late varieties included in the 
block were similar until the early varieties began to flow^er; thereafter, they 
fell below those of the late varieties. 

Long-standing infection with leaf roll greatly reduced the rate of increase 
in leaf area. 

Division OP Plant Industry, 

Canberra, A.C.T., Austealia. 


BORON DEFICIENCY IN THE OLIVE 


C . E M L E N Scott, H . Earl Thomas, a k d 
Harold E. Thomas 
(Accepted for publication Mareli 12, 1943) 

Because of the relatively high boron content of many California soils 
and waters (4, 5, 7, 9), it has seemed improbable that any considerable agri- 
ciiltnral areas of the State would be found deficient in that element. Thus 
far only a few small areas have been demonstrated to be affected by such a 
deficiency. However, a number of soils of the State have been found ' ' in- 
lierently low” in boron (12). At any rate, with the number and diversity 
of disorders to be diagnosed among tree fruits it has become more or less 
habitual to test all of the well-known minor elements in eases where no good 
clue is provided by the symptoms. In this way, a considerable area was 
found in Butte County, California, in which olive trees {Olea curopea) 
responded strikingly to borax or boric acid. 

HISTORY 

In 1917, Horne (6) described an ^Auiusiial disease” of the olive and 
stated ‘ C . . the disease was called exanthema on accouiit of a certain fancied 
resemblance to the exanthema or Florida dieback of citrus trees.” Horne 
recognized an association with defects in drainage but noted that excess 
water did not always produce exanthema symptoms. His description in- 
cludes withering of tips of shoots resulting in bushy growth, dieback of 
branches for several feet and piifted bark. The notion persisted for a num- 
ber of years that these trees were suffering from exanthema chiefly because 
of resemblance of symptoms to those of deciduous and citrus trees. Smith 
and Thomas (11), in 1928, stated that olive growers reported beneficial re- 
sults from copper sulphate. However, Henry P. Everett, County Agent of 
Butte County, made copper sulphate injections into trunks of affected olive 
trees in 1938 and 1939, but failed to see any benefit. 

In February, 1941, the senior writer, with Mr. Everett, injected olive 
trees with copper sulphate and also with boron, manganese, and zinc on a 
small scale in two orchards. The 4 branches receiving boron showed im- 
provement by July, and the contrast became greater as the deficiency 
symptoms became more pronounced during late summer and fall. The re- 
sults of these tests and other injections, sprays, and soil treatments made in 
1941 and 1942, most of them with the cooperation of Mr. Everett, are 
reported herein. 

DISTRIBUTION OP BORON DEFICIENCY 

All of the tests of boron on olive thus far completed were made in the 
AVyandotte district, Butte County. The olives in this area are grown on 
Aiken clay loam ill rolling foothills. Of the 4,000 acres of olives in Butte 
County over 3,000 are of the Mission variety. Most of the tests have been 
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made on tliis variety but the few trees of the Manzanillo and Bar 
eties, under observation in the district, exhibit essentially the sa 
toms. Symptoms are also present in olive trees in the Thermalii 
near Oroville, Butte County, and near Loma Kica in adjoin; 


* A aiorosis of apical portions of olive leaves and tip 

at riglit. B. Pitting and malfomation of fruit. 

Leaf sym])toms indistinguishable from those of tree 
lioron also have been seen on olive trees in Alameda, Mar 
Kauta Clara, and Santa Cruz Counties. In these coastal < 
forination was le.ss common. On the other hand fmit svn 
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symptoms are present in 2 Tulare Countj^ orcliards in the interior San 
Joaquin Valley. Boron injection tests liave been made in these areas but 
the results are not yet available. All told, these symxotoms have been seen on 
olive trees growing in a half dozen or more soil types. 

SYMPTOMS 
Leaf Sym|)toms 

In the Wyandotte district all trees known to be deficient in boron bear 
some leaves with chlorotic tips (Fig. 1, A). This symptom is quite distinc- 
tive, and, since the olive is evergreen and retains its leaves for several 
seasons, it is present at all times. During fall and winter some leaves of the 
current season’s growth become pale green and some of them eventually 
bright yellow at the apical end. This chlorosis commonly involves i to i- of 
the blade, the base remaining normal in color. In rare cases a mere trace of 
green remains at the base of the blade. This leaf symptom is readily dis- 
tinguished from the aspect of senile leaves, most of which become yellow all 
over prior to abscission. Some leaves, which have been chlorotic for 
some months, develop necrotic tips that bear a zonate pattern (F'ig. 1, A). 
Foliage tends to be sparse on severely aifected trees (Fig. 2, B). 

Unfruitfulness 

Olive trees with mild to moderate leaf and twig dieback symi:)toms ap- 
pear to blossom and set fruit normally. Then most of the immature fruits 
may droj) in July and August. The great crop increase on such trees when 
supplied with adequate boron seems to result mainly from preventing fruit 
drop rather than from any immediate effect on blossom production. Se- 
verely affected trees blossom sparsely. 

Defective Fruit 

Trees knbwn to be low in boron generally produce some malformed or 
defective fruit (Fig. 1, B) . The pitting, shrivelling, and drying that usually 
involve only the apical half or less, is locally known as monkey face. All of 
the flesh under the deep pits and shrunken apical ends is necrotic. Pitting 
and shrivelling may occur alone or together on the same fruit. On severely 
malformed fruits pitting also may occur near the stem end. Defective fruit 
has been seen on the Mission, Manzanillo, and Barouni varieties. Typical 
counts of fruit of affected trees show a range from 0 to 40 per cent, with 
individual branches up to 70 per cent. 

Dieback and Excess Branching 

Severely affected trees present a distinct appearance of short buneliy 
growth (Fig. 2, A) with only an occasional shoot a foot or more in lengtli. 
Up to early summer, shoots supplied with adequate boron cannot be dis- 
tinguished from mildly affected shoots. The first signs of boron deficiency 
in the latter can be detected in midsummer, when the terminal bud and tip 






* rf T? at riglit a normal 

niamli (yoiingci). II. JJppor portion of a sovoroly nffectod sniiill olive tree C A hrnieli 
with protiirhoraiu-os and internal necrosis of Imrl; x 1. 
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of the shoot die, usually iiivolving one pair of immature leaves. Two or more 
secondary shoots are then produced from lower nodes. In severe cases the 
tips of these secondary shoots die in the same season. 

Late in the fall, branches up to an inch or more in diameter die, wnth 
leaves persisting. Severe branch dieback has been observed on trees that 
had been growing fairly well a few weeks earlier and showing but mild leaf 
and shoot symptoms. Frequently, these branches that die appear to be the 
most vigorous in the tree. Some trees in the more severely affected areas in 
the orchards are eventually reduced to mere snags. A branch dieback of 
unknown cause exists in other olive districts, where boron deficiency is not 
suspected. 

Bark Symptoms 

111 some of the more severe^ affected trees the bark of larger branches 
produces smooth protuberances to perhaps 2 mm. above the level of sur- 
rounding bark and mostly 5 to 10 mm. long (Pig. 2, C). The bark under- 
lying these protuberances contains varying amounts of brown necrotic tis- 
sue. On the same branches or elsewhere the bark may crack and become 
considerably roughened. As in the case of boron-deficient apples, however, 
the bark symptoms are not consistently associated with those of fruit and 
leaves. 

METHODS 

The diw-salt method was employed in all limb injections of copioer sul- 
phate, manganese sulphate, zinc oxide, and boric acid. The powdered boric 
acid was mixed with an equal weight of diatomaceous earth (Celite) to 
facilitate measuring and handling. 

A “gun’’ having the same dimensions as that described by Bennett (3) 
was used as a convenient instrument for measuring and inserting the dry 
salts. The boric acid-Celite mixture contained approximately J g. of boric 
acid per shot. Dosages ranged from i to 2 shots to each hole. One hole w" as 
used ill branches 2 to 3'' in diameter and usually two holes in branches 4 to 
6'^ in diameter. The holes were 2'^ or more in depth, bored with a 15/32-inch 
wood drill and plugged with i-inch hardwood dowels. Bark injury -was 
reduced by dipping the ends of the dowels in soft Avax before inserting. 

Borax was applied with an orchard sprayer at 400 lb. pressure. A pro- 
prietary detergent (Dreft) was added to the June sprays to facilitate leaf 
wetting. The upper surfaces were wetted satisfactorily but the deposit on 
the under surfaces was scanty. 

In the only soil treatment made prior to the summer of 1942 borax Avas 
spread by hand in bands around the trees, extending approximately from 
2 to 10 feet from the trunk. The soil Avas not cultivated for several months 
after the application. About 10 inches of rain fell between the time of 
application and the summer dry season of 1942. Later soil treatments w^ere 
made broadcast in irrigation furrow^s and in one case in solution applied 
from a spray tank. 
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RESULTS 

Branch injections of boric acid, copper sulphate, manganese sulphate 
and zinc oxide were made in Mission olive trees in 2 orchards in February' 
1941. The trees were selected chiefly on the basis of tip dieback as described 
above. By July each of the 4 branches treated with boric acid showed defi- 
nite improvement in growth when compared with the balance of the tree. 
From midsummer on, most of the terminal buds on nontreated. portions of 
these trees died, while treated branches continued to grow vigorously. Two 
of the 4 branches treated with boric acid bore a heavy crop, while there was 
very little fruit on the nontreated branches. These treated branches also 
continued to grow normally throughout the second season. Additional 
branch treatments were made with copper, zinc, boron, and magnesium in 
November, 1941. No certain effect from any of these treatments could be 
seen in mid- June, 1942. By August, however, all of the boron-treated 
branches showed recovery and contrasted strikingly with the untreated por- 
tions and with branches treated with the other elements. 

Five trees showing good vegetative growth but a high incidence of mal- 
fomed fruit were treated in November, 1941. Each of the 5 trees was 
injected with boron, copper, manganese, and zinc, each in separate branches. 
In these trees the boron-treated branches bore more fruit in 1942 than the 
total produced on the balance of the tree. In addition to the increase in 
crop there was a sharp reduction in the amount of defective fruit on the 
boric acid-treated limbs (Table 1). No clear effect of copper, manganese, 
or zinc has been seen up to February, 1943. 


oflranch treatments on defectwe fruit of Mission olive. Hays 
Orchatd, Butte County. Treated: November, 1941. Counts made: October, 1949 


Branch treatment 



None 

Boron 

Copper 

Manganese 

Zinc 

Total fruit counted 

Defective fruit .. 
Percentage defective 
fruit 

446 

174 

39 

700.0 

17.0 

9 A 

200 

70 

35 

100 

27 

169 

64 



li.y: 

27 

■ 37 


Although boron seems to move laterally and downward more readily than 
^me of the other minor elements, such movement is definitely limited. 
Thus, when branches 4 to 6 inches in diameter are injected in a single hole, 
the benefit is greater on that side of the branch than on the opposite side, at 
least so in the first season after treatment. Branches a foot below and in 
line with the point of injection are improved during the first season but not 
completely cured. 

Sprays 

n were sprayed in March, 1942, with borax, 2 and 6 

lb. per 100 gal; manganese sulphate, 10 lb. per 100 gal.; 8-A-50 Bordeaux 
niLKtiire and red copper oxide, 3 lb. per 100 gal. Some benefit was apparent 
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ill growth, set, and quality of fruit on the trees sprayed with the 2 Ih. 
dosage of borax, but the improvement was much more certain wdth the 
higher dosage. Copper and manganese were not effective. The March 
sprays were subjected to about 10^' of rain. 

Additional spray applications were made on June 11, when most of the 
trees had just completed the blossom stage, but a few branches were still in 
full bloom. No rain fell during June, July, and August. The crop was 
markedly increased on most of the trees sprayed at this time in contrast to 
trees in nonspray ed rows, wMch continued to drop fruit throughout the 
season. Four trees severely stunted by boron deficiency, included in the 
8 lb. to 100 gallon plot, failed to set any fruit, and were not greatly benefited 
in growth. Fruit counts on 10 nonsprayed trees in this orchard gave an 
average of 13.2 per cent defective fruit. Twenty-seven trees sprayed wuth 
2 , 4, or 8 lb. of borax to 100 gallons in March or June produced a much 
larger crop and only 0.41 per cent defective fruit. No significant difference 
was detected between trees sprayed in March or June. 

June spray tests in a second orchard afforded less definite results, per- 
haps because of a mixture of varieties. In the same orchard one side of each 
of 6 severely affected Mission olives was sprayed with borax 8 lb. to 100 
gallons on June 11. Improved twig growth was noted in July on the 
sprayed sides, but the benefit had disappeared by October. In a third 
orchard trees sprayed on June 11 seemed improved throughout the season. 

Soil Treatments 

In February, 1942, Mr. Everett applied borax on the soil around 11 large 
trees in amounts ranging from 3 to 32 ounces per tree. All of these trees 
showed benefit in shoot growth by midsummer and good shoot growth con- 
tinued through the season on trees that received 6 ounces or more. Some 
defective fruit (0.3 per cent to 9 per cent) was found at the 6-ounce dosage, 
but only one branch bore such fruit on the 4 trees that received 13 ounces 
or more. The 1942 crop was increased very considerably by the heavier 
dosages. 

Borax treatments of ^ to 4 pounds per tree were made in 2 orchards in 
August, 1942. The material was lightly covered with soil in the bottom of 
the irrigation furrow shortly before the application of water. Clear benefit 
to shoots and leaves was apparent in one of these orchards in February, 1943. 
No evidence of boron toxicity to olive trees has been seen thus far in any of 
the soil treatments. 

Boron Deficiency in Other Crops in California 

Unthrifty orange trees adjoining affected olive trees have been under 
observation in Butte County. Definite signs of boron deficiency w^ere not 
detected in these trees, although the fruit seemed unnaturally hard and was 
subject to abnormal cracking at the blossom end. In June, four orange trees 
were irrigated in small basins with a solution of borax, supplying about I lb, 
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to each. Symptoms of excess boron deyeloped in the leaves by August and 
were more evident in October. New growth was appearing at this time, but 
there w^as no clear benefit to growth as compared with that of neighboring 
trees during the current season. Young peach trees adjoining those of 
citrus and olive were not visibly benefited by a borax spray (2 lb .-100 gal.) 
applied in June. 

Borax heretofore has been used in California as a soil amendment to 
a very limited extent, although deficiency symptoms in widely separated 
areas have been reported. Ark and Thomas (1) found that heavy soil 
applications benefited apple trees in Sonoma County. Corky fruit was 
found in one apple orchard in Eldorado County, and was corrected by trunk 
injections by Thomas in 1938. Larmer (8) described symptoms believed to 
indicate boron deficiency in sugar beets in the Salinas Valley but no field 
tests seem to have been made. C. M. Tompkins (unpublished) has seen 
boron deficiency s^unptoms in celery, radish, lettuce, and table beets in 
ligli t, well-drained soils at Colma in San Mateo County and nearby in San 
Francisco County. Borax, broadcast at the rate of 20 lb. per acre and 
disked in just prior to seeding, eliminated symptoms in subsequent crops. 
0. A. Lorenz (unpublished) has observed the boron deficiency type of 
symptoms in table beets in Alameda, Monterey, Sonoma and San Joaquin 
Counties and has verified his diagnosis by pot cultures for the Sonoma soil. 
John T. Middleton (unpublished) observed symptoms attributed to lack 
of boron, on broccoli, cabbage, cauliflower, and rutabaga at San Juan Capis- 
trano in 1940 and 1941. The symptoms usually Avere associated with lime- 
stone outcroppings where the soil pH was higher than in surrounding soil 
where plants were normal. Borax alone, applied for two seasons, failed to 
correct the symptoms ; but, after sulphur treatment in the third season the 
crops were normal in these areas. 

Ark and Tompkins (2) found that a borax solution eliminated symptoms 
in greenhouse Gloxinias. The symptoms developed with Gloxinias grown in 
'tratsnest,’’ a mixture of forest debris collected in Marin and other coastal 
counties. 

Trunk injections of boric acid made by the \vriters seemed to benefit 
Vinifera grapes in one Sonoma County vineyard. Low boron in the soil is 
indicated by the presence of pronounced leaf symptoms in olive near the 
vineyard. Attention was called to this vineyard because of defoliation and 
fruit shrivelling or failure to mature in 1941. The work on grapes has not 
progressed far enough to clearly define local symptoms, but those observed 
agree fairly well with the symptoms reported elsewhere (4, 10). 

DISCUSSION 

I he severely affected olive trees that attracted the particular attention 
ol growers usually w^ere in small groups in association with impaired drain- 
age 01 excessive seepage of ground or irrigation water. With the discovery 
ol- boron deficiency and the leaf and fruit symptoms it became evident that 
the trouble was more extensive in the district than previously realized. The 
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tests to date liave been confined to trees showing specific leaf or fruit symp- 
toms or both. Extensive use of borax by olive growers during the -winter 
of 1942-43 should show whether trees that do not exhibit the described 
symptoms will respond in growth or fruit production. 

The olive is notoriously irregular in yield from season to season, tree to 
tree, and even from branch to branch in the same tree. However, a striking 
increase in crop from some of the treatments was obvious at a glance. In- 
deed considerable difficulty was often experienced in finding enough fruit 
on nontreated trees or branches to permit counts of percentages defective. 
Bather extensive yield records will be required nevertheless to determine 
tlie magnitude of croj) increase. 

The striking symptoms on the olive, some of which persist the year round, 
and the widespread planting of olive trees at roadsides and in gardens 
suggests that this tree may become a useful indicator of boron deficiency in 
areas not devoted to the commercial production of olives. Preliminary 
surveys seem to bear out this suggestion. 

As to boron injury, Eaton (4) places the olive about midway in the 
semitolerant group. With the possible exception of one limb injection, no 
injury has been observed from any of the tests made by the writers. Soil 
application of a maximum of 8 lb. per tree are under way. Since large olive 
trees are improved by as little as 3 and 6 oz. of borax per tree and orange 
trees injured by 8 oz. per tree, it is obvious that the fixing power of the 
Aiken soil for boron is not high. 

On the basis of the limited trials with olives and of experience elsewhere 
with deciduous fruit trees, commercial treatments have generally been at the 
rate of 1 lb. per tree or 50 lb. per acre. In some cases this dosage has been 
doubled in either a single application or by a second application on more 
severely affected areas. Fifty tons of borax for application during the 
winter of 1942-43 has been delivered to the growers of the Wyandotte 
district. 

SUMMARY 

Characteristic pitting of fruits, chlorosis of leaf tips, and dieback of 
shoots and branches of the olive were reduced or eliminated by treatment 
with borax or boric acid. Branch injections, soil treatment, and spraying 
with boron compounds were all beneficial; but the effect of spraying on 
severely affected trees was transitory. Large trees responded to less than 
I lb. of borax broadcast on the soil in one district of Butte County, but seem 
to require about 1 lb. for complete cure. Four pounds per tree in the same 
soil did not cause discernible injury up to 6 months from the time of 
application. 

Observations and tests of boron deficiency in other crops in California 
are summarized. 

DmsiON OF Plant Pathology, 

University OP California 
Berkeley, California. 
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THE INHERITANCE OP A WHITE MUTANT CHARACTER IN 

USTILAGO ZBAE^ 


E . C . S T A K M A N , M . E . K E R N K A M P , W . J . MARTIN, 

AND T. H. King 
(Accepted for publication March. 8, 1943) 

Since Baucli^ first reported the occurrence of sector variants in cultures 
of liaploid lines of Ustilago Iromivora (Tul.) Fish. v. Waldh., the phe- 
nomenon has been investigated extensively in several smnt fungi, especially 
U. zeae (Beck.) Ung. Several investigators have shown that sector variants 
appear commonly in cultures of monosporidial lines of TJ. zeae. Stakman, 
Christensen, et aU made an extensive study of variation in this fungus. 
They pointed out that numerous variants were produced in some mono- 
sporidial haploid lines but not in others, and that the tendency to sector 
could be increased in certain lines by certain environmental conditions. 
There were some indications from their investigations that factors for 
variant characters were inherited when mutants were crossed with other 
lines. All of the evidence available indicated that variants resulted from 
genetic changes and probably could not be attributed to delayed segregation 
but rather to mutation. 

Stakman, Tyler, and HafstacB studied the constancy of cultural char- 
acters of a number of variants of Ustilago zeae and confirmed the previously 
expressed opinion that variant lines retained their distinctive characters, 
although subject to pronounced phenotypic variability. In addition, they 
studied the pathogenicity of a haploid monosporidial line and several of its 
variant derivatives by injecting them into corn, each in separate combina- 
tions with two haploid monosporidial lines of different sex. They concluded 
that variants in general tended to be less virulent than their parents, but 
that an occasional variant might be somewhat more pathogenic. As the 
resulting dikaryophytes differed distinctly in pathogenicity, it was evident 
that the variants were different genetically from the parental lines. 
Furthermore, the pathogenicity of the various combinations was the same in 
tests made about 31 years apart, thus again showing persistence of variant 
characters. The conclusion regarding genotypic differences between the 
parental line and its variants was based on relative behavior in the dikaryo- 

1 Paper No. 2073 of tbe Journal Series of the Minnesota Agrieultnral Experinaent 
Station. Supported in part by a grant from the research funds of the Graduate School 
of the ITniversity of Minnesota. 

Assistance in the preparation of these materials was furnished by the personnel of 
the Works Projects Administration, Official Project No. 65-1-71-140, Subproject No. 
491, Sponsored by the University of Minnesota, 1941. 

2 Bauch, R. Untersuchungen iiber die Entwickelungsgesehichte und Sexual-physiolo- 

giQ a&T tfsUlago ’hromivora md Ustilago grandis, Ztschr. Bot. 17 : 129-177. 1925. 

3 Stakman, E. 0., J. J. Christensen, C. J. Eide, and Bjorn Peterson. Mutation and 
hybridization in Ustilago ^eae. Minn. Agr. Exp. Stat. BuU. 65. 1929. 

4 stakman, E. C., L. J. Tyler, and G. E. Hafstad. The constancy of cultural charac- 
ters and pathogenicity in variant lines of Ustilago seae. Bull. Torr. Bot. Club 60: 565— 
572. 1933. 
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pliase ; but it was not shown that the variant characters were transmitted to 
fi segregates, the haploid progeny of crosses between haploid lines. There- 
fore, further work was done along this line, and conclusive evidence was 
obtained that factors for variant characters are inherited. Stakman'^ pre- 
sented evidence that factors for mutability are inherited just as are factors 
for cultural characters. 

During the course of extensive experiments on variation, according to 
evidence presented briefly by Stakman et it was found that delayed 
segregation could scarcely account for the production of sector variants. It 
was quite clear that a culture derived from a single sporidium constituted 
a pure line, barring subsequent mutation. 

Attempts were made to And a mutant character so distinct as to enable 
the easiest possible recognition in segregates from crosses. This seemed 
particularly important because there is such extensive recombination in 
many crosses that even the parental types sometimes are not recovered 
among the fi segregates. Several years ago a mutant of the desired type 
appeared, and it has been studied since that time. As only some of the 
results are pertinent to the present discussion, a relatively brief summary 
is presented here. Further details are given in a paper on the inheri- 
tance of factors for constancy and for variability in Ustilago zeae.^ 

In 1934, an apparent^ pure white sector (designated 10K2-1) appeared 
in a colony of 10K2, a monosporidial line that always produced brownish 
colonies tinged with vinaceous. This white sector contrasted so strongly 
with the colony as a whole that transfers were made from it, and the result- 
ing cultures were compared in detail with the parent. It was evident that 
most of the factors for pigmentation had been lost as there was only a tinge 
of color in the mutant under some conditions, whereas the parent culture 
in which the mutant arose was always brownish. In addition to loss of 
factors for pigmentation, the mutant had a tendency to produce abundant 
aerial eonidia, which accentuated the impression of whiteness. In this 
respect the mutant also differed decidedly from the parent 10K2. 

The mutant differed from its parent in a third character, namely, the 
tendency to produce numerous narrow, coneentrie rings, whereas the 
parental line had a tendency to produce more or less distinct radial fur- 
rows (Fig. 1). It was evident, therefore, that the mutant, designated 
10K2-’i, differed from its parent 10K2 in three distinct characters. Both 
the parent and the mutant were then crossed wuth a monosporidial line 1011. 
This line is shown in figure 1, and a brief description of it is given in table 1. 
All three mutant characters appeared in various combinations in the fi 

5 Stakman, E. C. The problem of specializatioii and variation in phytopatliogenic 

fungi. Genetiea 18 : 372-389. 1936. 

6 Stakman, E. C., M. F. Kernkamp, T. H. King, and W. J. Martin. Genetic factors 
for mutability and mutant characters in Ustilago Zeae. American Journal of Botany 
30: 37-48. 1943. 

M, and K, resulting from the cross between 10K2— 1 and 1011 are shown below. The 
white color of the mutant appears in the segregates from each clamydospore. Of the five 
white lines, three (FI, F3, and K3) are sectoring. 
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progeny of the cross of 10K2~lxlOIl. There were no white segregates, 
and none of the other mutant characters appeared in the progeny of the 
cross of the 10K2 (parent) xlOIl. 


TABLE 1 . — Cultural characters of monosporidial lines lOll, lOKS, and mutant from 
10ES,10K^-1. 


Lines 

Color 

Topography 

Margin 

1011 

Clear brown to tan, tinged 

Close pronounced radial folds 

Clear, some- 


with, purple 

tapering toward periphery 

what ciliate 

10K2 

Warm buff to brown, with 

Fine radial folds; confused 

Clear, some- 


vinaeeous tinge 

clockwise folds in center; 
counter-clockwise folds to- 
wards niargin 

what ciliate 

10K2-1 

White 

Umbonate ; with distinct con- 
centric ridges 

Silky, ciliate 


For the sake of clearness, only the inheritance of factors for white’’ 
color is emphasized in this paper. It should be pointed out that there are 
varying degrees of whiteness, but segregates were recovered that were as 
white as the mutant. The impression of whiteness is given by the relative 
absence of pigment in the compact mycelial growth of colonies plus the 
rather abundant development of aerial conidia on the surface. Figure 1 
shows single colonies of 3 sets of sporidia isolated from 3 promycelia from 
chlamydospores resulting from crossing the mutant 10K2-1 with 1011. It 
will be noticed that 5 of the segregates are distinctly white in appearance, 
but none of them is exactly like the mutant parent and only 2 of them are 
alike. There had, therefore, been a certain amount of recombination, but 
the most conspicuous feature common to all of them is their whiteness. It 
will be observed also from figure 1 that three of the white segregates, FI, 
F3, and K3, are producing sectors different in appearance from the rest of 
the colony. Many such sectors were studied and proved to be distinct. 

From cross 14 (10K2~1 x 1011), 10 out of 38 fi segregates were white. 
The same cross was made again and 9 out of 28 segregates were white, mak- 
ing a total for this cross of 19 white segregates out of 66 that were studied. 

One of the white segregates from cross 14, designated 14 J4, was then 
crossed with 26G1-2, a line that was as nearly black in culture as any that 
the writers have studied. This cross was designated cross 300. Of 32 seg- 
regates from this cross, 18 were white or near white; single colonies of sets 
of four sporidia from the promycelia of each of three chlamydospores are 
shown in figure 2. 

Several other white lines from cross 14 were crossed with other dark- 
colored lines, and in every case white segregates appeared. 

At present there are 83 distinct white or near white derivatives from the 
01 ‘iginal white mutant, all of which arose as segregates from crosses involv- 
ing progeny of the original mutant. 

As it was apparent that the white mutant character was due to genetic 
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factors that were inherited in crosses, there can be no question that genetic 
changes were involved and that the genes for this character were inherited 
in the same way as those for other characters. It seemed possible, therefore, 
that a white smut might be produced by appropriate crossings of white 
X white. 

Thirty-nine of the whitest lines available were mated in various combi- 
nations, making a total of 417 matings, and inoculated into corn seedlings, 
both in the greenhouse and in the field. Many of the compatible combina- 
tions produced large galls on the corn plants, indicating that the compatible 
lines were of opposite sex and contained the necessary factors for patho- 
genicity and gall formation. Surprisingly enough, however, there were no 
mature chlamydospores in any of the galls and only in a f e\v galls were 
there apparently immature chlamydospores. After repeated attempts to 
obtain combinations that wnuld produce chlamydospores, all of the wdiite 
lines were mixed together and inoculated into corn. Large galls Avere 
formed, but there never were any mature chlamydospores. These trials 
were repeated several times, but the results were alwa^^s the same. 

It appears, therefore, that the white mutant had lost certain factors for 
ability to fuse with lines of its own kind. The necessary factors for nuclear 
association and the production of the dikaryophase are present; further- 
more, the necessary factors for pathogenicity obviously are present in many 
of the dikaryophytes, since they produced normally and, in some cases, even 
extraordinarily large galls. Nevertheless, the necessary factors for nuclear 
fusion and the production of zygotes, the chlamydospores, apparently are 
lacking. That these white lines are not all of the same sex is indicated by 
the fact that only certain combinations among them will produce galls -while 
others will not, and furthermore by the fact that when white lines are 
crossed with a random sample of tester lines, they assort themselves into 
various sex groups, -which produce normal chlamydospores as is true of a 
random sample of lines in general. 

Finally, corn was inoculated with a mixture of 12 white moiiosporidial 
lines derived from haploid segregates from 5 different crosses. Galls were 
formed but they contained no chlamydospores nor chlam^ulospore-like bodies. 
Material from some of these galls was killed in formal-acetic alcohol, run 
through the butyl-alcohol series, embedded, cut about 8 microns thick, and 
stained by the Feulgen method. The mycelium was as clearly diearyotic as 
in normal galls. Hence it appears that certain combinations of the white 
lines under consideration produce a normal dicaryophase, without being able 
to produce the diplophase. 

summary AND CONCLUSIONS 

From the foregoing it is evident that factors for the white mutant 
characters that arose in a bro-wn colony are heritable through several suc- 
cessive sexual generations. This should furnish final proof that such sector 
variants are mutants. That a genetic change had taken place is peiffectly 
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obvious, and that the new characters, are persistent both in asexual propa- 
gation and sexual reproduetion is also clear. One of the most significant 
facts, however, is that it never has been possible to obtain functional 
chlamydospores from crosses between the Avhite derivatives of the original 
white mutant. In a sense this indicates that there are multiple factors for 
sex. The nuclei of certain white lines have the necessary factors for attrac- 
tion and association that enable them to produce the dikaryophase, but they 
seem to lack the necessary factors for complete sexual fusion. This experi- 
ence and many others of similar nature suggest strongly that there are 
gradations in the degree of maleness or femaleness, if these terms could be 
applied to an organism that is completely isogamous as far as can be ob- 
served. It is interesting also to note that factors for pathogenicity are 
apparently different from those for sex. It is true that Ustilago zeae is 
pathogenic only in the dikaryophase, or, in exceptional cases, in the diplo- 
phase; consequently, the association of nuclei of two kinds is prerequisite 
to parasitism in the corn plant. But these two nuclei are not necessarily 
able to fuse and produce functional zygotes or chlamydospores. 

Minnesota Agricultural Experiment Station,, 

University Farm, St. Paul^ Minnesota 




THE NATURE OF ULTRA-VIRUSES AND THEIR 
BIOLOGICAL ACTIVITY^ 

V. L. ElS CHKO V 
(Aceej)ted for publication Janiiarv 16/1943) 

Half a century ago D. 1. Ivanovsky (5) discovered ultra»viruses. At the 
dawn of virulogical investigations two points of view concerning the nature 
of viruses were advanced. According to the conception of Beyerinck (2), 
ultra-viruses differ from microbes in principle (Contagmm vivum fluidum) j 
according to Loeffler and Frosch (6), they are simply very minute microbes. 
The isolation by Stanley (16) of the purified virus of tobacco mosaic showed 
that the direction of virulogical research pointed out by Beyerinck is a more 
fruitful one. Thanks to the discovery of virus nucleoproteids and their 
subsequent physico-ehemical analysis, a magnificent picture opened before 
our eyes. Biological individuals are to be found in the world of molecules, 
subject to the laws of microphysics. From a nude protein molecule to 
a real microbe there exists a whole series of intergradations. This series 
includes elementary bodies (about which the discussion still lasts whether 
they are molecules or protoplasts separated from the surrounding world by 
semipermeable membranes), real ultra-microbes leading the life of parasites, 
and saprophytic ultra-microbes. At present we do not know whether this 
series is an ascending or descending one. It is also certain that to a definite 
degree it is an artificial series. Nevertheless, it obliterates the border line 
between molecules and protoplasts, a most remarkable regularity is observed 
in this series, which can be formulated thus : the simplification of the organi- 
zation of the cell and its conversion into precellular condition is connected 
with the concentration of nucleoproteids. The cells of bacteria are richer in 
nucleoproteids than those of higher organisms, elementary bodies are richer 
in nucleoproteids than the cells of bacteria, viruses pathogenic for plants are 
pure nucleoproteids. The statement that nucleoproteids form the sub- 
stratum of continuity and variability of the most elementary biological units 
is firmly established through virulogical investigations. 

Up to recent times viruses were studied chiefly from the physical and 
chemical points of view. Notwithstanding the importance of these studies, 
they cannot answer the most fundamental questions concerning the mecha- 
nism of autoreproduction of virus molecules and the mechanism of their 
action. To the study of these questions the works of the writer and his col- 
laborators have been devoted.^ Though the results obtained are far from 
giving an exhaustive answer to these questions, they nevertheless include a 
eertain program of research, and plan concrete ways of experimental 
approach to these difficult questions. 

^ iiuport made at the Session of the Academy of Sciences of the Ukrainian S. S. E. 
(12th-17th Jan., 1942). 

Institute of Microbiology, Academy of Sciences of the U. S. S. E. 
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At the begiiiiiiiig of our investigations we made an attempt to find out 
wliat the virus takes from the plant by means of fractioning the proteins of 
the diseased plant. We failed to detect a deficit in the protein fraction, 
which coagulates at 70° C. in the juice of tomatoes affected by mosaic dis- 
ease ; on the contrary, we got the impression that, alongside the virus protein 
in the diseased plant, there can accumulate an inert non-virus protein— a 
phenomenon alread 3 ’' pointed out by other authors (11). 

If diseased and normal plants are grown under conditions of phosphorus 
and nitrogen starvation, the diseased plants lose less protein than the nor- 
mal ones and, consequently, the difference in the contents of protein nitrogen 
between diseased and normal plants is more pronounced in starving plants 
than in those that obtain normal nutrition (Table 1). 


TABLE 1. — Contents of protein N in leaves of tobacco under di'fferent nutrition 
(in per cent of dry weight) 


Nxitrition 

Normal 

Diseased 

In per cent of control 

NPK 

2.06 

3.61 

172.9 

0.25N/PK 

1.05 

2.54 

240.5 

N/0.25 P/K 

1.62 

3.44 

212.8 


Some literature data (4), as well as other works of the writer, completely 
affirm our data concerning a more economical utilization of protein by 
plants affected by virus diseases. 

The investigation of nitrogen metabolism does not indicate what is taken 
from the plant by the virus ; an exception is found only in the data of our 
collaborator, P. A. Agatov (1), who showed that the proteins of tomatoes 
affected by the mosaic disease contain somewhat less argynine and proline 
than the proteins of a normal plant. Failing to find in the nitrogen metabo- 
lism an answer to the question investigated, we turned to the study of 
phosphorus metabolism in case of virus diseases. It was found that tobacco 
infected by the mosaic disease contains no more (and often less) phosphorus 
than a normal plant. The lipoid phosphorus undergoes no significant 
changes, whereas the changes in protein phosphorus are rather clearly mani- 
fest. The amount of phosphorus in soluble proteins in case of mosaic disease 
increases, the amount of phosphorus in insoluble structural protein de- 


TABLE 2. — Forms of F in leaves of mosaic-diseased and normal tobacco (in per- 
centage PflOg of dry weight) 


Material 

Total j 

Mineral P 
and phytine 

Organic P 

Protein- 
soluble P 

Protein- 
insoluble P 

Normal 

1.24 . ' 

0.59 

0.30 

0.067 

0.34 

Diseased 

1.18 

0.54 

0.34 

0.198 

0.28 

Normal 

1.23 

0.51 

0.28a 1 


0.44 

Diseased 

1.24 

0.57 

0.39a 


0.40 


Including protein soluble. 
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creases. It seem.s that in ease of virus diseases there takes place an expendi- 
ture of structural nucleoproteids (Tables 2 and 3). 


TABLE 3 . — Forms of x)7iosplioriis in leaves of mosaic-diseased and normal tohacco 
(in percentage dry iveiglit) 


Material ' 

Total 

Lipoid 

Soluble in 

0.1 N HCl 

Normal 

2.25 

0U9 

1.54 

Diseased 

1.89 

0.16 

1.34 


Insoluble 


0.62 

0.56 


A comparison of normal and diseased plants is insufficient for a charac- 
teristic of biochemical changes that are connected with the accumulation of 
the Tims, because the picture is eYidently strongly marred by diverse sec- 
ondary factors. In order to eliminate as far as possible these secondary 
factors we compared leaves rubbed with the juice of a normal tobacco plant 
with those rubbed with the juice of a tobacco plant infected by mosaic, or 
compared isolated halves of leaves likewise rubbed with normal juice or with 
juice containing the virus. 

Thus, leaves accumulating and not accumulating the virus were com- 
pared. Externally, they differed but insignificantly, those accumulating the 
virus being on the average somewhat yellower than normal ones. The data 
presented in table 4 show that the accumulation of the virus is accompanied 
by an expenditure of carbohydrates; while normal leaf halves have spent a 
considerable amount of lorotein, leaf halves accumulating the virus have 
scarcely spent prote.in at all. 


TABLE 4 . — Carbohydrates and nitrogen in normal tobacco leaves and in leaves 
aconmulating the virus (in percentage dry weight) 


Material 

Glucose 

Saccharose i 

Starch 

Protein N 

Total N 

Leaves rubbed witli normal 
juice 

0.85 

0.71 

1.50 

3.89 

5.93 

Leaves rubbed witli infected 
juice 

0.49 

0.28 

0.26 

4.07 

6.05 

Isolated leaf lialves nibbed 
with normal juice 

0.15 

0.35 

0.61 

3.32 

6.08 

Isolated leaf halves rubbed 
with infected juice 

0.11 

0.23 

0.04 

4.03 

5.76 


We further sought in the possible biochemical activity of the virus an 
explanation of its powerful action on the metabolism of the plant. The first 
tests of the purified virus of tobacco mosaic in respect to its possible fermen- 
tative activity gave negative results (8). However, works in this direction 
were continued in our laboratory. M. N. Vorobiova (18) observed that the 
protein of the virus of tobacco mosaic, when activated by ON or HS, can 
bydrolize the tomato protein. In cooperation with this author we were able 
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to detect tlie ability of this virus to liberate pbosphoric acid from nionoplios- 
pbate of glucose (Table 5). 

These data as to the fermentative activity of filtrable viruses agree with 
some literature evidence, especially concerning bacteriophage and ele- 


TABLE 5. — Action of the phosphatase of the virus of tobacco mosaic disease^ (pH 
5.6, temperature 57° C., sitb stratum-mono phosphate of glucose) 


Mineral P in percentage 

Percentage of control 

Exposition in hours 

Control 

Experiment 

0.16 ! 

0.19 

120.2 

2 

0.15 

0.22 

147.9 

18 

0.13 

0.22 

174.5 

18 

0.24 

0.55 

225.8 

20 

0.15 

0.40 

257.5 

18 


Note : in all the experiments except the second one magnesium sulphate was added 
to obtain the activation of phosphatase. 


mentary bodies of vaccine, but require further verification and expansion. 
Seemingly, viruses actually have the action of phosphatase and one of the 
primary links of their biochemical activity is formed by phosphoriiizing of 
carbohydrates and therefore the activation of carbohydrate metabolism, as 
well as the disintegration of structural nucleoproteids of the protoplast 
infected by the virus. 

We also sought the elucidation of the relation between the protoplasm 
and the virus in experiments concerning the influence of starvation on the 
titre of the virus. In these works fulfilled partly in co-operation with 
Smirnova (9), parity by Smirnova alone (13), we failed to detect a decrease 
of the titre of the virus in plants deprived of nitrogen or phosphorus. 
Spencer agrees with us that the virus protein, when once formed, is not 
destroyed in starving plants; howwer, this author thinks that in tobacco 
plants deprived of nitrogen the rate of accumulation of the virus is slack- 
ened. The discrepancy of our results probably depends in a large degree 
upon the fact that Spencer freezes the plants whence he draws the juice 
for the determination of the titre of the virus. This procedure is connected 
with a partial inactivation of the virus, and our preliminary data show that 
this inactivation is accelerated in plants deprived of nitrogen. 

An investigation of the mechanism of the accumulation of the virus is 
impossible without a thorough knowledge of the physiological conditions 
necessary to such an accumulation. Strangely enough, data on this ques- 
tion are nearly absent in literature. Here we applied the leaf halves 
method. Tobacco leaves separated from the plant were rubbed with 
the juice containing the virus, which was subsequently thoroughly washed 
from the surface under a water tap. The leaves were cut in halves, each 
experimental half corresponding to a control one. The experimental halves 
"were exposed to the action of different temperatures, were placed in an 
atmosphere of pure hydrogen or were infiltrated with different substances. 
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By this means we were able to ascertain that the aecmnulatioii of the virus 
of tobacco mosaic disease is already absent at a temperature of C. and 
proceeds much more slowly at 15° C. than at 20° C. (Table 6). The' tem- 
perature curve of the accumulation of the virus is to be given later on (14) 
The virus continues to accumulate in an atmosphere containing 0.5 cc. of 

TABLE C.—T/ie influence of temperature on the titre of the virus of tohacco mosaic 

Cl' t V V CZiS V 


Temperature 

Number of necroses 

On the 4tli day 

OntheOthday 

15° C. 

16.5 

58.6 

20° C. 

55.0 

89.4 


ethyl ether per litre as intensively as without ether. In higher concentra- 
tions of ether the accumulation of the virus slackens, but here is observed a 
certain injury of the leaves. In an atmosphere of hydrogen the tobacco 
leaves suffer too much to allow the solving of the question whether the 
cessation of the accumulation of the virus is due to the deprivation of the 
leaves of oxygen or is a by-product of the poor condition of the cells (11). 
Experiments of Woods (19) analogous in method, give evidence that the 
accumulation of the virus depends on an oxidative system, reversiblv inac- 
tivated by CN. 

The above examples show the ways where we sought answers to the 
questions concerning the biological activity of the virus. Certainly these 
iwestigations should be accompanied by direct observations of the cell 
affected by virus disease and cannot be separated from the structural con- 
ditions of autoreproduction of the virus. The paraerystalline and crystalline 
condition of the virus in the protoplasm must play an important role in 
the mechanism of its accumulation (10). It is possible that in the future 
the applications of Cassperson’s (3) method to a cell affected by virus 
disease will render a significant service for our deeper understanding of 
the relation between the protoplasm and the virus, four our further under- 
standmg of the mechanism of its action and autoreproduction-questions 
which, we believe, occupy a central position in contemporary biology. 
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Pig. 1. Comparative growth in Petri-plate cultures of Fusarium rettmim (A, raised 
type^ note coarse aerial growth completely hlling air space in dishj B, appressed type) and 
of F, hiilhigenum var. lycopersici (0, raised type, fine, woolly j D, appressed type). 

1 Senior Agriculturist, Office of Poreign Agricultural Relations j formerly Plant Pa- 
thologist, Division of Pruit and Vegetable Crops and Diseases, Bureau of Plant Industry, 
Hoils, and Agricultural Engineering, IT. B. Dept, of Agriculture, Bureau of Plant Industry 
station, Beltsville, Maryland. 

Wellman, P. L., and Dorothy J. Blaisdell. TJ. S. Dept. Agr. Teehn. Bull. 705. 1940. 
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A NEW SPECIES OP PUSARIUM CAUSING VASCULAR 
WILT OP TOMATO 


PREDERIGK L. WELLMAN^ 

(Accepted for publication March 29, 1943) 

The purpose of this note is to remind plant pathologists that a new 
species of Fusarmm, causing vascular wilt of tomato, has been known for 
some time,^ and to so describe it that other investigators may watch for and 
recognize it. The original isolate came from V. A. Wright, formerly of 
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tlie Department of Botaii}?' of the Indiana AgTiciiltiiral Experiment Station, 
with the notation: ‘^Isolated November 1937, from a fruit borne by a plant 
showing severe wilting. The vascular tissue in the fruit itself showed a 
darkening in color. The plant was grown in a wilt-infested field near Trafal- 
gar, Indiana.’’ Dr. AYright released the material to me for taxonomic 
treatment. 

Bonny Best and Margiobe tomato plants were inoculated with the Trafal- 
gar organism. AYilt S 3 nnptoms resulted, identical with those caused by 
Fusarmm hulhigemmi var. ly coper sici (Brushi) AYr. and Bank. Compara- 
tive cultural and microscopic studies were made of these two organisms. A 
search through all available literature dealing with Fusarium disclosed no 
described species to which the Trafalgar organism could be assigned. Mor- 
phologically, it was widely divergent from F. hulhigemim var. lycopersicif 
and was, therefore, unquestionably cliff erent from the new form of the latter 
reported by Keinking.^ It was found by cultural manipulations that 
selected isolates of the new species could be separated into the same cultural 
classes as have been reported^ for the common tomato wilt Fusarium. 

TECHNICAL DESCRIPTION OF Fusarium retusum SP. NOV. 

Growth on potato dextrose agar (Fig. 1) formed a slightly coarse, loose, and tiii:ffy, 
rather ' Gvild-growing ^ ^ mat that, within a few days, filled the air space above the medium 
in the Petri dish or test tube. Oolorss varied from white, livid-pink, and shades of yellow, 
through orange, tawny-olive, and garnet-brown, to Morocco red. A few sclerotia de- 
veloped ; at first white, becoming greenish. Cream-color sporodoehia developed consistently 
in few monosporic isolations, but never in mass isolates. Reisolation and histological 
studies demonstrated infection hyphae growing only inside xylem elements of diseased 
tomato stems. With regard to morphology (Fig. 2} hyphae of fungus culture, hyaline, 
septate, branched, may be faintly tinged with yellow or red, and range from 2 |x to 7.5 \x 
in diameter ; sporophores hyaline, bostryclioid, much branched, bearing easily detached 
microspores and macrospores; macroconidia, colorless and hyaline, straight to slightly 
curved, with a rounded, blunt apex and a distinct foot on the proximal end, 1-5-septate, 
mostly 3-septate, with average dimensions of about 26.8 p, long and about 4.3 p wide; 
microconidia hyaline, colorless, mostly oblong and umbonate at the base, largely unicellu- 
lar, rarely 1-septate, with average dimensions about 9.9 p long and about 3.8 p wide; 
chlamydospores may vary greatly in size and shape, are borne mostly in intercalary posi- 
tions in mycelium or in macrospores, are colorless, and densely filled with protoplasmic 
granules. Natural occurrence in darkened vascular system in fruit of a severely wilted 
tomato plant near Trafalgar, Indiana. 

Hyphae fertiles incoloratae, valde ramosae, bostrychoideae, et macroconidia et micro- 
conidia ferentes; macroconidiis hyalinis, incoloratis, rectis vel paulum curvatis, apice 
retusis, basi vulgo oblique pedicellatis, 1~5 septatis plerumque 3-septatis, saepius circa 
26.8 p longis et circa 4.3 p crassus; microconidiis hyalinis, incoloratis, vulgo oblongatis 
et basi umbonatis, plerumque continuiis rarius uniseptatis, saepius circa 9.9 p longis et 
circa 3.8 p crassis. Chlamydosporae in mycelio etiam in maeroeonidiis ortae, plerumque 
intercalares, incoloratae, protoplasmatis granules! repletae. Habitat’ in fructibus Lyco- 
persici esculenti languid! prope Trafalgar, Indiana. 

The well-known tomato organism, Fusarium dulbigenum var. ly coper- 
sidy much slower in growth than F. reiusum, and also varies from it in 
having mneh longer and more slender maerospores with quite pointed ends. 
My studies indicate that F. retusum is well outside the systematic limits of 
either the Elegans or ihe species F. oxysporum^ with which the 

3 Ueinking, 0. A. Farm Research. New York (Geneva) 3: 12-13. 1937. 

4 Wollenweber, H, W. Fusaria Autographic Belineata. Berlin, 1930. 
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well-known organism is closely associated. It would appear from its cul- 
tural and morphological characters, that F. retiosum may be considered a 
member of the systematic group SporotricMella^^ ® and possibly approaches 
nearest to the species F. poae (Pk.) Wr. It differs from this latter species, 



Fig. 2. Comparative morphology of (A) Fusarmm retusum and (B) F. T)ull)igemim 
var. lycopersicL a, Mycelium,* b, conidiophores j c, chlamydospores j d, mierospores; e, 
macrospores. Magnification x 1000 ; drawings made with aid of camera liicida. 

however, in the shape of its macrospores, whose blunt and rounded distal 
ends are very distinctive. The appellation rehisum, which I have given to 
the new species, is from the Latin, meaning blunt. (I am indebted to 
Charles Drechsler for writing the Latin diagnosis.) 

5 Wollenweber, H. W., and O. A. Beinking, Die Fusarien. Berlin, 1935. 

^Snyder, W. 0., and H. N. Hansen. Amer. Jour. Bot 27: 64-67. 1940. 






A BACTERIAL LEAP SPOT AND BLIGHT OP THE 
RUSSIAN DANDELION" 

John S. Niederh au ser2 
(Accepted for publicatioiij July 27, 1943) 

In the course of an investigation of diseases of the Russian dandelion, 
Taraxacum hoh-saghyz Rod., a severe leaf spot and blight was noted. When 
first observed in early September, 1942, the disease was common to nearly 
15 per cent of the plants in the test plot at Ithaca, New York, and it gradu- 
ally became more severe until checked by a frost in mid-October. During 
this time there was much cloudy, wet weather. 

The lesions occur on the leaves only, and vary in size from minute dots to 
large necrotic areas that may occupy neaidy the entire blade. The diseased 
areas are uniformly black in color, with a narrow, yellow, chloranemie 
border. If there are large lesions near the base of the leaf, the distal por- 
tions may turn prematurely yellow. Ordinarily, the older, outer leaves are 
most severely affected. 

Dilution x)lates made from bits of diseased leaf tissue constantly yielded 
a yellow bacterium that produced characteristic spreading, gummy, moist- 
shining colonies on potato-dextrose agar. It was immediately suspected 
that this organism was the cause of the disease. Inoculation experiments 
were carried out on Russian dandelion plants in the greenhouse with pure 
cultures of this bacterium, and lesions typical of those observed in the field 
were produced. Infection resulted when uninjured leaves were atomized 
with a water suspension of a young culture of the bacterium, and also 
occurred where the leaves were pricked with the point of a fine needle. 

In the older leaves the lesions were extensive and spreading, while on 
young leaves they generally remained small and rarely exceeded 1 or 2 mm. 
in diameter. From these artificially induced lesions the same organism was 
consistently reisolated in pure culture. 

In the field the roots have not been observed to be affected by the bac- 
terium, and several attempts to induce infection of the roots through arti- 
ficial inoculation were not successful. 

Repeated inoculations on the common dandelion {Taraxacum officinale 
Weber), Cos lettuce {Lactuca saliva L. var. longifolia Lam.), head lettuce 
{L. saliva L. var. capilala L.), leaf lettuce {L. saliva L. var. crispa L.), and 
prickly lettuce {L, scariola L.) all failed to give infection. 

Sigriansky (6) reported a black necrosis’^ of the related Russian spe- 
cies, Scorzonera Icm-saghyz Lipch. and Bosse, and gave the following descrip- 
tion of the disease : ^ ^ First to appear are small, black dots, which quickly 
coalesce to form much larger spots. The secretion of ooze drops has been 

1 Cost of publication borne by an outside agency. 

2 The writer wishes to express his appreciation of the indispensable help and advice 
given by Professor W. H. Burkholder during the progress of this work. 
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seen. Tlie disease may be spread tlirougliont the field, eansing a premature 
dying of the leaves. The pathogen is apparently carried over in the seeds 
and is spread with the help of insects, the wind, or soil particles, and espe- 
cially in irrigating.” This brief description suggests the same disease as 
that found at Ithaca on Taraxacum Tcok-saghyz, and also indicates that the 
pathogen may have been introduced with the seed imported from the Soviet 
Union. Sigriansky did not identify the pathogen except to infer indirectly 
that the causal agent is a bacterium. 

In making the routine tests to describe the causal organism, 7 separate 
isolates were used, 1 of which descended from a single cell. All 7 isolates 
behaved similarly. In making the measurements the Congo red negative 
stain was employed. Plimmer and Paine’s (5) modification of the Calares- 
Gil flagella stain was used to demonstrate the polar flagellum. The test for 
indol production in tryptophane broth was performed b 3 r the Ehrlieh-Bohme 
technique (2). To determine the production of hydrogen sulphide from 
tryptophane broth, strips of filter paper impregnated with lead acetate were 
suspended ovm' the cultures. The s,ynthetie nitrate medium, described in 
the Manual of Methods (7), was used in the nitrate studies. Clara’s dilute 
medium (3) was used to determine whether asparagin could be used as a 
combined carbon and nitrogen source. The lipase test was made aecordino- 

to the method outlined by Starr (8). 

In making the biochemical tests to determine substances that can be used 
as a carbon and energy source, a synthetic basal medium, as given in the 
Manual of Methods (7), was prepared, with brom thymol blue added as an 
indicator. This basal medium was adjusted to pH 7, tubed, and autoclaved 
Ihe carbohydrates to be tested were prepared in 7.5 per cent aqueous solu- 
tions, sterilized by filtration, and then added aseptically to the tubes of basal 
medium, so that 0.75 per cent solutions were obtained. Sodium salts of the 
organic acids were added directly to the basal medium so as to make a 0.15 
per cent solution, and autoclaved together. The test for the hydrolysis of 
starch was made by the starch-agar iodine method. 


DESCRIPTION OF PATHOGEN 

Morphology: The bacterium is a rod and occurs singly or in pairs. Individuals from a 
It n x potato-dextrose agar at 27=> 0. give meaZ^enta o^? 4- 

and'is bram-nZZ:rVo spZs ar^iformed. 

growth are 3^^ C. and respeetivX^ minimum temiieratures for 

Nitrat -and™Zm sofZ Y flphide is produced but not indol. 

^ m pi*odueed from xylose, dextrose, 
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galactose, leviilose, lactose, sucrose, and glycerol; no growtli occurs witli ara- 
binose, maltose, raffinose, inulin, mannitol, ethanol, and salicin. Salts of acetic, 
citric, lactic, malic, and succinic acids are utilized with an increase in pH. Salts 
of formic, tartaric, salicylic, and benzoic acids are not utilized. Starch is hydro- 
lyzed. Sodium chloride tolerance is between 3.25 and 3.5 per cent. 

To tlie writer ’s knowledge there is no report in the literature of a siiecies 
of hacteriuin pathogenic to the Eussian dandelion, Taraxacuni Tcok-saghypj 
Eod., and the species described here is distinct in pathogenicity, as w’ell as 
in several morphological and biochemical characters, from Phyiomonas lac- 
hicae-scariolae Thornberry and Anderson (9) and from P. lactiicae (Yama- 
moto) Burkholder as given by Bergey et al. (1)^. The bacterium is hence 
described here as new. Its characters listed above designate it as a species 
of Xanthomonas Dowson (4) ; and the name proposed is Xanthomonas 
taraxaci n. sp. 

Department op Plant Pathology, 

Cornell University, 

Ithaca, New^ York. 
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PHYTOPATHOLOGY NOTE 

Prevention of Three Peach Diseases ly Ferric Dimethyldithiocariamate 
Spray. In 1942 ferric dimethylditliioearbamate (Fermate) was tested as a 
spray for control of 3 peacb diseases occurring in Sacramento Valiev Gall 
forma, peach orchards. ’ 

Two treatments, 27 and 13 days, respectively, before harvest (September 
8) were given for brown rot of ripening fruit, caused by Sclerotinia fructi- 
cola (Wmt.) Eehm. On the day harvest started the incidence of fruit 
inieetion in one orchard was: nonsprayed, 11 per cent; Fermate 1 lb to 
100 gal plus 4 oz of a wetting agent to 100 gal., 4 per cent. In a second 
orchard the incidence of fruit infection was: nonsprayed, 19 per cent 
Fermate 1-100 plus 4 oz. of a wetting agent to 100 gal., 4 per cent - liquid 
ime-sulphur 0.75-100 plus 4 oz. of a wetting agent to 100 gal., 8 per cent. 
All percentages are averages of 4 replications. 

sprayed October 16 with Fermate, liquid lime-sulphur 
and Bordeaux mixture. Within 1 week after spraying, rust caused bv 

developed abundantly on leaves of unsprayed 

IZr' , .1““' T “"de October 28 

According to the results m column 2, table 1, Fermate prevented leaf infec- 


Treatment 


XJnsprayed 


Permate 1.5-100 ..III 
Fermate 1.5-100 pius’iime'l-ioo" 
■Bordeaux mixture 10-10-100 

Lime-sulphur 4-100 .JZZl 

Lime-sulphur 6-100 


Average number 
of lesions of 
rust per leaf 


Average number of 
lesions of blight 
per 100 twigs 


niflcntlyLr: Se.K^sLft wU? a 

agaimst infection by rust and blis'ht +u protect the twigs 

In such circumstances thf^ay tpotf s subwTt 

hpray aeposit is subjected to weathering for a 
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period of several montlis, and, in conseqnence, weather resistance becomes 
an important factor in determining the effectiveness of the spray. In the 
present tests, which covered periods of 12 days in case of rust and 1 month 
in case of blight, weather resistance of the spray deposit was not so thor- 
oughly tested.— E. E. Wilson and C. E. Scott, Division of Plant Pathology 
and Agricultural Extension Service, respectively, University of California, 
Berkeley, California. 

Bacterial Infection and Decay of the Inner Wood of Winter-injured 
Young London Plane Trees. — The unusual occurrence of frost cracks in 
5-year-old London plane trees (Platanus acerifolia Willd.) on bottom land 
in a Maryland nursery was called to the attention of the writer in 1934. 
Pruning wounds that were not healing properly were noticed the following 
summer on many of the trees. Trees thus affected presented a generally 
unhealthy appearance. 

All apparently unhealthy trees were found on examination to have their 
3 innermost annual rings discolored and water-soaked. This condition 
terminated abruptly about 5 inches aboveground. This water-soaked 
internal condition reached the surface of open pruning wounds ; and a con- 
dition resembling slime flux was present. This apparently acted to prevent 
callusing. In addition, many of the open pruning wounds apparently had 
served as a point of entry to a rot fungus. This fungus had decayed the 
tissues of the inner 3 rings as much as 6 inches in each direction from the 
pruning wound. Often the rot fungus had entered at more than one point 
on the tree and the decay was almost continuous. A number of the trees 
died or broke off. Frost cracks occurred in half of the diseased trees. 
Every tree with frost cracks was found to be one with water-soaked inner 
wood. 

Prom the decayed portion of the wood a hymenomycete was isolated. 
No fruiting bodies were found on any of the trees, but tissue cultures of the 
fungus were compared by R. W. Davidson of the Division of Forest Pathol- 
ogy^ with those in the wood-decay collection of that Division and found to be 
similar to known isolates of Polyporus versicolor L. ex Pr. 

Prom the water-soaked, discolored inner wood, Gram-negative, 
0.25 X 0.5 p, rod-shape bacteria were consistently isolated. Preliminary 
inoculation tests indicated that these bacteria were capable of killing green 
shoots of newly rooted plane tree cuttings, when inoculated into a needle 
prick, or the entire cutting, if inoculated through a cut in the bark. What 
appeared to be similar bacteria were isolated from cuttings that failed to 
callus well. That the bacteria did not readily attack healthy tissue of well- 
established trees was indicated when examination of some of the survivors of 
the original group of trees several years later showed the water-soaked con- 
dition still limited almost entirely to the innermost 3 rings. 

The most probable explanation of the observed phenomena is in the 
conditions of the preceding winters. The winter of 1931~2 was unpre- 
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cedentedly warm from November to February, inclusive. Many kinds of 
plants started growth prematurely. This was follow^ed by cold weather in 
March. From the 10th to the 13th, inclusive, minima Yvere between 15° and 
18° F. at the College Park Weather Station, located on higher and presum- 
ably warmer ground, and on the 19th 11° F. was recorded. A considerable 
snowfall also occurred. Killing or injury of parenchyma in the wood is 
supposed to have resulted, followed by invasion of the bacterium and the 
deca}^ fungus. The general limitation of the infections to wood above the 
snow line and to the rings formed before the 1932 freeze supports this view-. 
Wet wood and slime flux are commonly associated with bacterial infection 
of the wood. The frost cracks, probably limited to the wetwood trees, 
occurred during the subzero weather of February, 1934, and are regarded 
as consequences of the water-soaked condition.— Bowen S. Crandall, 
Division of Forest Pathology^ Bureau of Plant Industry, Soils, and Agricul- 
tural Engineering, Agricultural Eesearch Administration, U. S. Department 
of Agriculture, Athens, 6a. 

The votes regarding formation of a Potomac Division have been can- 
vassed. The following are the results : 

226— voting in favor of the formation of a Potomac Division 
81 — opposed to the formation of a Potomac Division 
This vote indicates approval of the Society for the formation of a 
Potomac Division as outlined in the petition presented to the membership. 

Special Committee : 

Signed : W. 6 . Stover, Chairmmi 

C. W. Ellett 

D. M. McLean 


DECAY IN MERCHANTABLE BLACK CHERRY ON THE 
ALLEGHENY NATIONAL FOREST^ 

Boss W. Davidson^ and W. A. Campbell® 

(Accepted for publication May 7, 1943) 

INTRODUCTION 

The botanical range of the black cherry (Primus serotina Ehrhart) in- 
cludes most of the eastern half of the United States and adjacent areas of 
eastern Canada. It is commercially important as a timber tree from West 
Virginia to western New York. Black cherry is one of the most important 
tree species in the unburned, second-growth, northern hardwood stands of 
the Allegheny Plateau in Pennsylvania, and, according to Ostrom (15), 
becomes more important as the number of short cutting cycles increases. 
Downs (11) has shown that in the mixed hardwood stands of northwestern 
Pennsylvania black cherry is abundant in the second growth, and both seed- 
lings and sprouts gain early dominance over the slower growing tolerant 
species. He states that such stands generally become two-storied, the black 
cherry forming a large-crowned overstory, while the suppressed and inter- 
mediate sugar maple, yellow birch, and beech occupy subordinate positions 
and are of smaller size for the same age. Based on cubic-foot volume these 
second-growth stands were composed of black cherry 34.2 per cent, sugar 
maple 19.8, beech 14.6, yellow birch 8.1, and red maple 6.9 per cent. The 
1936 glaze storm reduced black cherry to 20.6 per cent of the total volume, 
second to sugar maple, which was raised to 26.5 per cent. Black cherry 
probably will not produce lumber of such good quality as the slower growing 
sugar maple because its dominant position in the stand results in more limby 
trunks and greater damage from glaze. 

Black cherry was early considered valuable for furniture and engraver ^s 
blocks ; and most of the old-growth stands have been cut. Black cherry lum- 
ber now comes largely from second-growth stands and good quality material 
is difficult to obtain. Its suitability as pulp wood has increased its demand 
by paper mills operating in the Allegheny Region. This species also is used 
for chemical wood, but is not considered so desmable as are beech and maple. 
When this study was made, stumpage value of black cherry was intermediate 
between that of beech and sugar maple. With the rapid increase in volume 
in the second-growth stands now coming into timber production, its value 
should increase. 

1 In cooperation with the Allegheny Porest Experiment Station and the Allegheny 
National Forest. Special thanks are due A. F. Hough, J. C. McClellan, and J. B. Smith 
for their assistance. 

2 Associate Mycologist, Division of Forest Pathology, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Administration, IT. S. De- 
partment of Agriculture. 

3 Formerly Assistant Forest Pathologist, Division of Forest Pathology; now Associate 
Forest Pathologist, Special Guayule Research Project, Bureau of Plant Industry, Soils, 
and Agricultural Engineering, Agricultural Research Administration, U. S. Department 
of Agriculture. 
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(Photo hy A. F. Hough.) 

^ Nearly pure 116-year-old black cherry on Gamp Bun, near Westline Pern 

iS'of fr f an average merch’anuw 

the^qiff QtAr,^^^ °5S!, crowns, which were bady damaged b 

nf rtLtn .V ^ reproduction had established itself under the dense 
portions of the stand, but the larger openings had seeded in almost solidly to sugar maph 
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The present paper gives the results of a study of decay in merchantable 
black cherry. This information should be of value in managing these 
seeond-grovdh stands for high quality timber production. 

SOURCES OP MATERIALS AND METHODS 

Areas Studied^ 

The investigators had available for the intensive part of this study a 
20-aere sale area of dense, almost pure old-growth black cherry, 116 years old 
at Camp Eun, near Westline, Pennsjdvania (Fig. 1). The trees there were 
tall and straight and ranged from 10 to 26 inches d.b.h. and 100 to 115 feet 
in total height, with an average merchantable length of 51 feet (Table 1). 


TABLE l—Comiiarative mformation on merchantable hlaclc cherry trees in three 
logging areas on the Allegheny National Forest 


Area 

Basis 

Aver- 

age 

age 

Aver- 

age 

stump 

diam- 

eter 

Aver 

age 

1 mer- 
chant- 
able 
lengtha 

Total 

volume 

Cull 

Butt 

rot 

j 

Trunk 

rot 

Total 

rot 

Per 
cent 
of rot 


Trees 

Years 

Inches 

Feet 

Bd.ft, 

Bclft, 

Bd.ft. 

Bd.ft. 

Bd.ft, 

Four Corners 

21 ' 

52 

18.5 

33 

3,980 

90 

0 

90 

2.3 

Libby Run ... 

20 

120 

25.7 

46 

13,520 

75 

750 

825 

6.1 

Camp Run 

281 

116 

20.1 

. 51 

101,910 

2,615 

. 

8,935 

11,550 

11.3 


a Includes only logs cut and milled and logs that would have been milled had they 
not been culled for decay. Portions of trunks left in the woods because of bad checks or 
bad form were not included in merchantable length or board-foot volume. 


On Libby Eun, also near Westline, Pa., a small sample was taken from 
a 120-year-old stand of more open-grown cherry. The trees on this area 
were mixed with other hardwoods and were larger in diameter than those 
at Camp Eun. They had large branching tops and were from 16 to 28 
inches in diameter, with an average merchantable length of 46 feet. 

At Pour Corners, 12 miles southeast of Kane, Pennsylvania, a third sale 
area, which consisted of scattered old-growth maple and beech interspersed 
with groups of 52-year-old black cherry and other hardwoods also was sam- 
pled. The merchantable cherry, which was open-grown with large branch- 
ing tops, was from 11 to 20 inches in diameter with an average merchantable 
length of 33 feet. 

A. E. Hougk has kindly supplied additional data on these stands. He states 
that the Libby Run cherry originated from a blowdown of virgin beech-maple forest 120 
years prior to 1940 and Camp Run after a blowdown of virgin beech-maple forest 116 
years prior to 1940. The Pour Corners cherry originated after a heavy cutting of hemlock- 
beech forest and the trees became limby and forked due to lack of crowding by trees of 
similar growth rate. 

The Libby Run area had been subjected to logging in 1894. Prom the Camp Run 
stand 4 M.B.P. in sawlogs of various sizes was selectively cut during the period 1914 
to 1940. As computed on sample plots 21 M.B.P. per acre was left, which grew at the 
annual rate of 48r5 board feet per acre. At the time of the 1940 cutting, a total volume of 
34 M.B.P. per acre had been produced by the residual trees, disregarding all natural mor- 
tality. 
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In addition to the study of decay in these 3 merchantable stands a general 
search of many areas in the Allegheny National Forest was made for cherry 
heartwood-decaying fungi, particularly for those producing conks on living 
or dead trees. Whenever possible, cultures were obtained from these conks 
for comparison with cultures from heartwood decay. 

Method of Collecting Data 

Information on individual trees was obtained by following the logging 
crews on the areas sampled. Stump and top diameters and length of each 
log were recorded for all sound and decayed trees. The diameter of decay 
on the ends of the logs was recorded and the extent of decay was measured 
or estimated. Isolations of the causal fungi were made from decay samples, 
and these were identified by comparison with isolates from identified conks.^ 

Method of Scaling 

The Scribner Decimal C log rule, standard with the Forest Service on 
the Allegheny National Forest, was used in scaling all logs. In determining 
volume, only the merchantable portion of the trunk or what would have 
been, except for decay, was included as total merchantable volume. Parts 
of trunks left in the woods because of butt check or bad form were not in- 
cluded. No attempt, how^ever, was made to subtract cull for check, sweep, 
and defects other than rot from logs taken to the mill. 

DECAY IN RELATION TO TYPE OP STAND 

Some stands contain much decay, whereas others contain very little ; a 
difference often difficult to explain. Usually, however, decay reflects age, 
severe fire damage, or other factors. The difference in the amount of cull 
from decay on the 3 areas studied (Table 1) can be explained in part by the 
difference in age. The black cherry at Pour Corners was only 52 years old, 
or less than half the age of the stands at Libby Run and Camp Run. As 
would be expected, cull from decay was only 2.3 per cent, as compared to 
6.1 and 11.3 per cent, respectively, in the two older stands. Also, the decay 
that caused cull in the Pour Corners trees was mostly that of the butts, 
whereas in the others it was chiefly in trunks or tops. 

In comparison with the Camp Run and Libby Run stands, the Pour Cor- 
ners^ black cherry contained more butt rot than was expected in such young 
trees. The data (Table 1) do not account for this difference, and no reason 
for it was found in a more detailed study of the area. The 21-tree sample 
possibly did not suffice for accurate information, but a thorough survey of 
all cherry stumps over much of the sale area indicated that butt infections 
were as frequent as or probably more so than in the Camp Run stand. Theo- 
retically, this may be explained by assuming that trees with butt decay did 
not survive for 116 years. Actually, however, very few 116-year-old trees 
were weakened sufficiently by butt rot to wind throw. 

^ ^ ^ The identifications of the fungi found fruiting on "black cherry were made or veri- 
fied by L. 0. Overholts of Pennsylvania State College. 
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TABLE 2 . — Summary of cull caused by different fungi in 281 trees on the Camp 
Bun Sale Area 


Fungi 

Distribution of cull 

Infections upon 
which cull is 
based 


Per cent 

Board feet 

Number 

Poria prunicola 

36.6 

4,225 

50 

Poria mutans 

13.4 

1,545 

14 

Pomes pinicola 

9.0 

1,040 

21 

Polyporus sulphureus 

6.6 

760 

18 

Polyporus spraguei 

2.7 

310 

10 

Trametes serialis 

1 1.5 

175 

3 

Poria sericeo -mollis 

1.3 

150 

2 

Polyporus berlceleyi 

0.9 

100 

5 

Poria inflata 

0.8 

95 

5 

Polyporus scliweinitmi 

I 0.6 

70 

2 

Miscellaneous fungi 

3.1 

360 

3 

Undetermined fungi 

Brown rot 

3.4 

390 

12 

White rots 

18.2 

2,100 

46 

Mixed rots 

2.0 

230 

8 

Totals 


11,550 

199 


Of the two older stands, the one at Camp Eun was stndied more care- 
fully and yielded most of the information on types of decay, species of rot- 
inducing fungi (Table 2), and their extent and mode of entrance. From 
the standpoint of comparison with the Pour Corners area, the Libby Eun 
sample is more valuable, because these trees were open-grown and could be 
pictured as the Four Corners trees 58 years later. In spite of numerous 
overgrown branch stubs in the Pour Corners trees, there were few infections 
by top-inhabiting fungi. A few Fames pinicola (Sw.) Cke. conks were 
found by searching the entire area (Table 3) but no infections of Poria 
primicola (Murr.) Sacc. and Trott., the principal cull-producing fungus in 
older stands, were found. 

The Camp Eun trees formed crowded stands. Most of them were grow- 
ing very slowly and bore numerous dead branch stubs, a condition that had 
existed for years and had resulted in early infection by top-rotting fungi 
and a consequent high proportion of cull. The Libby Eun trees bore large 
tops with numerous big dead branches and branch stubs fairly low down on 
the trunks. These contained numerous top infections, but only a small 
number resulted in cull. 

THE DECAYS OP BLACK CHERRY 

Points of Entrance 

Decays may be divided into two groups depending upon their location 
in the tree. Those in the base are referred to as butt rots; those in the 
trunks as trunk rots. The stands studied on the Allegheny Plateau had not 
been injured by fires, and butt rots were mainly associated with logging 
wounds, dead roots, drouth injuries, or obscure basal lesions. Most of the 




rot of black cherry. 
t recently cut logs. 
Lug to the opposite 


A. Red discoloration of the heartwood 
The cut end of the lower log was at 54 
or top end of the same log, was at 66 
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Fig. 3. A. and B. Foria mutans rot in Black cherry. A. End cut showing the 
water-soaked nature of the rot. B. The poeket or piped advanced stage of the rot. C. A 
rot-infected branch stub approximately 4 inches in diameter. The brown rot, which had 
extended more than a foot below the stub, was caused by Foria inflata. I). Conks of Foly- 
porus suteartilagineus on a butt wound. Thi s fungus causes a brown rot. 

feet. The rot infection originated above 66 feet in the tree and was working down the 
trunk. B. White pockets of advanced decay in the red-stained heartwood. C. A thor- 
oughly rotted log split open to show the white pockets and streaks of advanced decay. 
These white pockets are not conspicuous on end cuts, even in badly rotted logs. B, Ad- 
vanced decay in a thoroughly rotted top showing how the decay may encroach upon the 
sapwood. 
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trunk rots were either associated with elongated trunk wounds or with dead- 
branch stubs larger than 3 inches in diameter. 

Types of Eot 

On the basis of color and texture, wood decays are classified as brown, 
carbonizing rots, or white, noncarbonizing rots. About two-thirds of the 
cherry rots are of the former type, and include those caused by Femes pini- 
cola^ Polyporus spraguei, P. schweiniizii, P. sulphur eus, Poria cocos, P, 
sericeo-mollis and Trametes serialis. The brown rots are very similar to 
each other in texture and color, and the fungi causing them usually can be 
identified only in pure culture. 

The important noncarbonizing rots were caused by Poria prunicola, P. 
mutans and Polyporus herkeleyi, and can be identified usually on the basis 
of the following characteristics : 

White-flecked Bed Bot {Poria prunicola). Characterized by red dis- 
coloration of heartwood, extending sometimes throughout 20 to 40 feet of 
trunk. Ends of infected logs purplish-red covering most of end section or 
confined to smaller areas near center (Fig. 2, A). The red-colored wood is 
altered mechanically in definite pockets or areas of soft, white, flaky decay 
(Pig. 2, B). These pockets, few or abundant, are not conspicuous on end 
cuts, but plainly visible when an infected log is split (Pig. 2, B and C). 
Decay confined to heartwood except in old infections where it may encroach 
on sapwood (Pig. 2, D). 

White-streaked or Piped Bot (Poria mutans). White, water-soaked, 
pocket or piped rot of heartwood (Pig. 3, A and B) ; may extend from in- 
juries, up and down the trunk. The incipient stage generally dark and 
water-soaked (Pig. 3, A). 

Light-hrown Flaky Bot (Polyporus herkeleyi). A light-brown or yel- 
lowish, soft, flaky, butt rot (Fig. 4, A), recognized readily by peculiar sweet 
odor. Fungus probably enters small dead roots; conks were found several 
times on soil near bases of infected trees (Pig. 4, B). 

CONKS ON LIVING BLACK CHERRY 

Conks of Fomes pinicola, more prevalent on living black cherry than 
those of other fungi (Pig. 5, A to C). Commonly found on the larger trees 
associated with branch stubs (Pig. 5, A and B), branch wounds, or trunk 
wounds exposing heartwood. They also may develop at base of tree from 
butt wounds or wounds left by death or severance of companion stems. 
Sporophores of other Fomes common to hardwoods were infrequent on black 
cherry. 

Conks of Poria prunicola, common on dead fire cherry (Prunus pennsyl- 
vamca Jj. f.), throughout Allegheny National Forest. No conks found on 
living black cherry and the only one collected on that species was on a rotted 
log, approximately 12 inches in diameter, that had been in contact with the 
ground for some years. 
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Fig. 5. A. to C. Fames pinicola conks and rot of black cherry. A. Conk on a 
nearly healed 3 -inch branch stub. B. An infected top split open to show the branch 
stub that served as the infection court and the badly rotted heartwood. C. A large 
conk associated with a branch stub on a 52-year-old tree. The diameter of the rot column 
one foot below the conk included practically the entire cross-sectional area of the heart- 
wood. Badly rotted tops commonly break under strain caused by wind or glaze. D. A 
badly rotted black cherry approximately 24 inches d.b.h., which broke olf in a windstorm. 
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1940, conks were not collected on living trees, but several were found on 
badly rotted logs. Poriw mutans was observed fruiting abundantly on laro'e 
trunk injuries in several instances. Most rot infections, however, were 
unaccompanied by fruiting. GoniopJiora, cerehella was collected only on 
dead wood during a rainy period in the fall of 1940. A large fruiting body 
of Polyporus herkeleyi was collected from the base of a black cherry at 
Camp Eun in 1939. A conk developed at the same spot again in 1940 (Piw 

4, B). One other fruiting body was found in the same area in 1940. Poly. 

porus schweinitzU fruited in 1939 on one of the trees found to be infected 
with it at Camp Eun. Polyporus sulcartilagineus (Pig. 3, D) was found 
twice fruiting on decayed butt wounds, but the fungus was unimportant 
on the logging areas studied. Polyporus halsameus was collected once on 
the badly decayed surface of a large butt wound. Trametes seriaUs was 
collected once on rotten wood associated with a split fork. 

The other heart-rotting fungi listed in table 3 were not observed to fruit 
on living cherry and were identified from cultures isolated from decay. 

PREDICTING CULL FROM DEFECTS IN STANDING TREES 

Very few trees reach merchantable size without injuries, which serve as 
infection courts for wood-rotting fungi. Small injuries usually heal with- 
out decay, but large trunk and butt wounds, and particularly wounds caused 
by large branch stubs, heal slowly and often become badly rot-infected. 
Trees reserved for a future cut, if they already possess large wounds or are 
injured in logging, often decrease rather than increase in merchantable 
volume after a period of years, because of advancing decay. A number of 
black cherry trees on the different areas had conspicuous trunk and butt 
wounds. In table 4 these are analyzed as to size in relation to age of stand 
and extent of rot resulting in cull. These data include all trees with larger 
trunk and butt wounds, since these were easily recognized. 

Broken branches and dead stubs were very common in stands of all ages. 

glaze storm 

of 1936. Older breaks were especially numerous in the 116-year-old trees 
and were associated with approximately half of the decay cull found in the 
stands. In many trees decayed by Poria prunicola, the branch stubs that 

completely. Most of the stems 
could not be dissected to determine the size of the stub responsible for 
infection but for the small number examined critically, the stub diameter 

year-old trees had an average diameter of 6.5 inches with an average rot 
ex ent of 15 feet All of these stubs were “old,” that is they were rotten 
or were cavities in the trunk from which the stub itself had disappefred 
Only 2 rot-infeeted stubs under 3 inches in diameter were noticed and thesl 
did not result in chll. Decay from branch stubs in black cherry rarely 
« aenous ™I1 for 10 to 15 yean,. No caE was caused by Folyl„l 
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versicolor and Stereiim rameale, 2 fungi that Mrere found to cause limited 
rot infections in top breaks caused by glaze (4) . 


TABLE 4. — Extent of rot and cull associated with 'butt and trunTc wounds in blade 
cherry^ 


Stand 

age 

Butt wounds 

Trunk wounds 

Split f orksb 

Num- 

ber 

Aver- 
1 age 
length 
wound 

Aver- 

age 

extent 

rot 

1 • 

Aver- 

age 

cull 

Num- 

ber 

Aver- 

age 

length 

wound 

Aver- 

age 

extent 

rot 

Aver- 

age 

cull 

Num- ' 
her 

Aver- 

age 

extent 

rot 

Aver- 

age 

cull 

Years 


Feet 

Feet 

Bd.ft. 


Feet 

Feet 

Bd.ft. 


Feet 

Bd.ft. 

116 

10 

5.5 

10.2 

100 

13 

10.6 

17.3 

150 

2 

18.5 

90 

52 

11 

4.3 

6.5 

30 

1 

3.0 

8.0 

60 

5 

11.4 

60 


a Includes all open wounds and readily detected healed wounds, 
b If a fork had broken completely off the wound was classified as a trunk wound. 


Only one fungus, Fomes pinicola, formed conks regularly on black 
cherry, and this fungus Yras found fruiting on 16, or half, of the trees it 
had infected. Most of these conks were in the tops in connection with dead 
stubs. Twelve conks of Fomes pinicola in the 116-year-old trees were asso- 
ciated with an average rot extent of 13.5 feet, and 4 conks in the 52-year-old 
trees were associated with 10.8 feet of rot. Conks of F, pinicola^ on a dead 
stub did not indicate more decay than the average decay associated with 32 
stubs analyzed for the 116-year-old trees. 

Some suggestions for estimating cull in black cherry are given in table 5. 

DECAYS IN BLACK CHERRY IN RELATION TO MANAGEMENT 

One reason for studying decay in a particular tree species is to determine 
if cull from rot will affect management for saw-timber production. Another 
reason is to determine how intensive management may affect the incidence 
and amount of decay. 

The present study indicates that decay will not be serious during the 
length of time necessary to produce a maximum yield of high quality black 
cherry saw timber. The amount of decay in the 116-year-old trees at Camp 
Eun, although causing 11.3 per cent cull, was not excessive ; and 116 years 
seems adequate for a satisfactory yield of good quality logs. 

Several of the 120-year-old trees yielded approximately 1,000 board feet 
each ; several on the Four Corners area yielded 300 board feet in 52 years. 
These faster-growing trees did not contain as high quality clear lumber as 
the slower growing ones, but many trees at Camp Eun contained a fair 
amount of fine clear lumber. If the Camp Eun stand had been thinned 
carefully during the last 60-year period the final stand would probably have 
contained the same volume in fewer trees and may have had less decay. 
This conclusion is based on the fact that the Libby Eun trees, which grew 
under less crowded conditions, contained a smaller proportion of decay. 
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However, trunk injuries resulting from selective logging would probably 
increase the amount of decay. 

Some miglit question the ability of black cherry to withstand crowded 
conditions necessary for good height growth during the early development 
of the stand, but the Camp Kun stand contained many trees of small 
diameter which had survived years of crowding. Also much small-diameter 
52-year-old cherry at Pour Corners had attained an excellent height of clear 
stems. These trees will probably produce a greater volume of fine-quality 
lumber during the succeeding 50-year period than was obtained from the 

TABLE 5. — Summary of sug gestionis for estimating cull defect in merchantable 
blac'k cherry from wounds or dead stubs 10 years old or older<^ 


Type of injury 

Age of stand 

Extent of rot in relation to wound size 

Butt or trunk 
wounds 

■ 

40 to 70 years 

70 to 116 years 

Average extent of rot 1.5 times length of visible 
injury 

Average diameter of rot column equal to width of 
wound at widest part 

Average extent of rot 2.0 times length of visible 
injury 

Average diameter of rot column twice width of 
wound at widest part 

Branch stubs 

40 to 70 years 

70 to 116 years 

Ordinarily rot from stubs not sufficient to cause 
appreciable cull 

Average rot extent 15 feet below rotten knot holes 
or badly decayed branch stubs over 3 inches in 
diameter. Greatest danger from rot comes from 
stubs over 5 inches in diameter 

Conks of Fomes 
pinicola 

All ages 

Average rot extent ax)proximately 12 feet; above 
and below conk. XJsually the larger the conk the 
more rot 

1 


a Based on the observation that in general the older the trees, the longer they have 
been exposed to infection, and the older the wounds tend to be. Usually it takes from 
10 to 20 years for black cherry wounds to become badly rotted. 

faster-growing 52-year-old ones. This will depend upon how well cherry 
of this type responds to opening up of the stand, and how much damage will 
result from wind and glaze storms. 

Butt rot was not important from the standpoint of eull in merchantable 
trees, even though a number of strictly butt-rot fungi were present. In 
only a few trees had butt rot developed an excessive amount of cull or had 
become sufficiently extensive to cause serious weakening (Pig. 5, D). 

Stand-improvement operations obviously should attempt to remove 
forked trees and eliminate multiple sprout clumps or reduce them to single 
stems at an early age. Other outstanding evidences of poor-risk trees are 
large trunk wounds and sporophores of Fomes pinicola. Dead branch stubs 
do not indicate individual poor-risk trees, but a stand with many large dead 
branches will eventually have numerous decay infections. 

Prom the standpoint of decay, black cherry should be an excellent tree 
to manage for lumber production. It has a durable heartwood and is 
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affected by relatively few strictly heartwood-inhabiting fungi. Black 
cherry also grows rapidly and most lieartwood decayers do not have time to 
cause excessive cull before merchantable size is attained. 

DESCRIPTION OF BLACK CHERRY DECAY FUNGI IN CULTURE 

The most practical means of determining the fungus responsible for 
decay in a particular piece of infected wood is by pure-culture methods. 
These methods have been described in detail by Davidson, Campbell, and 
Vaughn (10). By means of the pure-culture method 22 fungi were found 
to cause decay in black cherry on the Allegheny Plateau (Table 3). Nine 
of these, namely, Corticmm lividum, Folyporus 'ber'keleyi, P. frondosus, P. 
spragtceiy P. sulphur eus^ P. versicolor^ Poria cocoSy P. inflatd^ and Steremn 
rameale, occurred as heart rotters in oak, and their cultural characteristics 
have already been described in detail (10). These fungi are listed in the 
key but no further description will be given. Polyporus schweinitd% a 
species common to softwoods, has been described culturally by Childs (8) 
and further description of its cultural characteristics does not seem neces- 
sary. Only a few isolates-^were obtained for Omphalia campanellci, Poly- 
porus fibriUosus, and Hydmmi sp. and these were not considered adequate 
for a description of the species in culture. 

Detailed descriptions of cultures are given for 9 fungi that caused more 
or less extensive decay and for which a sufficient number of isolates from 
black cherry or other hosts were available to give some idea of the range of 
variations to be expected of each fungus in culture. These fungi are: 
Coniophora oerebella, Fames pinicola, Polyporus halsameus, P. siibcar- 
tilagineus, Poria mutam, P. prunicola, P. sericeo-mollis, P. xantlia, and 
Trametes serialis. 

Key to Black Cherry Decay Fungi, When Grown on Malt Agar 

The following key is based on a classification system developed for oak fungi (10) 
and includes 9 fungi common to both oak and black cherry and 9 isolated only from black 
cherry. The cultural characteristics of the fungi causing rot in oak can be directly com- 
pared with those from black cherry by combining the two keys. 

The first letter refers to mat color in 14 days in diffused light at room temperature 
for mats grown on malt agar in Petri dishes. A, white at all agesj B, at first white 
becoming yellowish or brownish in 14 days; C, yellow; B, brown; S, pink or orange; F, 
any other color not fitting in well with the first 5 divisions. 

The second letter refers to the oxidase reaction, which is obtained by growing the 
fungi to be tested on malt agar to which has been added 0.5 per cent gallic or tannic 
acid (9). Brown-rot fungi usually cause no reaction or discoloration of these media; 
white-rot .fungi cause a ^ ‘ reaction ^ ' or browning of the media under the fungus mats. 
O, negative reactors or brown-rot fungi ; P, positive reactors or white-rot fungi. 

The third letter refers to growth rate as mat diameters in centimeters. F, rapid, 
over 9 cm. in 7 days ; I, moderately rapid, over 9 cm. in 14 days but less than 9 cm. in 
7 days; M, medium, 5-9 cm. in 11 days; S, slow, 2-5 cm. in 14 days; V, very slow, less 
than 2 cm. in 14 days. 

The numbers refer to microscopic structure. 1, clamps; 2, chlamydospores ; 3, 
conidia; 4, oidia; 5, basidia; 6, basidiospores; 7, setae; 8, vesicular cells; 9, abnormal 
branching of hyphae; 10, all hyphae staining with eosin or erythrosin; 11, nonstaining 
hyphae present; 14, hyphae encrusted with crystals; 16, special structures or reactions 
described in descriptions of cultures. 

In the key only those characters that are actually present are listed; characters not 
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coasidered absent or not readily observed. In separating tbe funei with 
the same key pattern reference must be made to the cultural des^iptions ® ^ 

A-0~I-1~2, Forid mniha; Folyporus spraguei 

tomes pimcola; A-O-M--l~2-10, Polypoms halsameus; A-0-M~l-2--ll Tramete<i 
ahs; A--0-M-1-2-11, Poria sericeo-molUs ; *A-0-M-l~2-ll, Polyporus spragwi] 


Coniophora cerehella^B^and^Q^^Wo^T ^erry heartwooddnhabiting fungi. 

eohv^HnUm; F, PoTpp^^stbckrlZ^L^,^^^^ Polyporus talsameus;!, Pol,p< 
J, Pona sericeo-mottis; K, Pona xaitha; and h TmleZTs^lm’ 

deeaJSudf! characteristics have been previously described in the 
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Fomes pinieola; *A-O-M~2-'3-10, Foria inflata ; '^A-O-M.-2~10, Poria 
inflata ; ^-0-8-1-2-10, Polyporus suhcartilagineus ; ^A-P-P-l-ll, Polypoms versicolor; 
*A-P~M-l-2--10-16, Polyporus frondosus; *A~P~M“-1-2~10-16, PLydnum erinaceus; 
*A-P--M— 2-5-6-11 j Polyporus herlceleyi; B-O-P-l— 11-16, Coniophora cereltella; B-O-I- 
1-2-11, Poria xantha; *B-P-F-1-11-16, Stereum rameale; *B-P-I-l-2-5-6-ll-16, Cor- 
ticium Iwidum; B-P-I-1-2-11, Poria mutans; C-P-M-11, Poria prunicola; *D~O-F-8-10, 
Poria cocos; D-P-M-ll, Poria prunicola; *E-0— P-8-10, Poria cocos; *E-O-I-2-10, 
Polyporus siilphureus; E-O-M-1-2-10, Polyporus halsameus; E-O-M-1-2-11, Poria 
sericeo-mollis; *'E-O-'M.-2-10, Polyporus sulphurous, 

CONIOPHORA CEREBELLA PERS. 

(Pig. 6, A, and Pig. 7, A) 

Key Pattern.—B-O-P-l-ll-m 

Growth Characteristics. — Growth rapid, mat filling dish in 6 to 8 days, at first 
fragile, radiating in loose cottony strands, white to Light Bufi^' (18) ; in 14 days mat 
variable, either loose-eottony, azonate, evenly Light Buff^^ to Cream Color,’’ or with 
>^Sayal Brown” and ^ ^ Avellaneons ” appressed patches alternating with raised, cottony 
Light Bufi” to Cream Color” areas; surface mycelium either appressed cottony or 
nodulose or tufted, 

Eyphal Characteristics.— Kjphsie that stain with eosin 2-8 p, (10) in diameter, 
some of the hyphae with multiple clamps arranged in whorls around the septa, these easily 
demonstrated in young cultures, more difficult to find in 14-day-old mats; cross-walls also 
present independent of clamps ; staining content in older hyphae often arranged in 
threads of varying diameter leaving an irregular nonstaining wall; in 14-day-old cultures 
yellow or brown hyphae with irregularly spaced knobs and side branches are occasionally 
found in darker portions of the mat. 

Type of Decay. — Brown butt rot. Eight isolations. 

PemarJcs. — Pritz (12) isolated a fungus from balsam fir rot (Type A), which was 
characterized by clamp connections in whorls. Her description of this fungus in culture 
indicates that it is probably Coniophora cerehella. Coniophora cerehella has also been, 
isolated from balsam fir rot in New England.® 

® Isolated by R. W. Davidson from rot sent in by P. Spaulding and J. R. Hansbrough. 

FOMES PINICOLA (SW. EX PR,) CKE. 

(Pig. 6, B and C) 

Kc 2/ Paticrn.-— A-0-M:-1-2-11 and A-O-I-1-2-11. 

Growth Characteristics.— l^olsitos, divided into two distinct growth forms (Pig. 6, 
B and C) ; the slow-growing strain in 14 days forming a mat 6-8 cm. in diameter, white, 
appressed, short-cottony or downy, zonate or azonate, occasionally somewhat pulverulent 
around the center; margin mostly white, even; fast-growing strain completely filling 
Petri dish, white or faintly white, azonate, appressed, fragile, thin matted-cottony. 

Eyphal Characteristics. — Staining hyphae 2-5 jx in diameter, with many clamps; non- 
staining fibrous hyphae 2-5 }.t, smooth, no clamps; chlamy do spores few or many, ellipsoid 
or very irregular in shape, 6-12 x 5-10 a- 

Type of Decay. — A brown top and trunk rot. 32 isolations. 

EemarJcs. — Most of the isolates can be readily separated into the fast-growing strain 
or the slow-growing strain. Occasionally an isolate will be intermediate in respect to 
growth. The growth rate is not characteristic of isolates from any one host and cultures 
from cherry belong to both groups. The cultural characteristics of Fomes pinieola have 
been described by Campbell (3) and Mounce (14), both of whom found considerable 
variation in the growth rates of different isolates. 

POLYPORUS BALSAMEUS PK, 

(Pig. 6, D, and Pig. 7, B) 

Key Pattern. — A~O-M-l-2-10 and E-O-M-1-2-10. 

Growth Characteristics. — Growth medium forming in 14 days a mat 5-7 cm. in diam- 
eter; mat white to agar-colored, often Pinkish Buff” to Cinnamon Buff” around the 
inoculum ; short-cottony, fragile, homogeneous, azonate ; margin faintly white, fimbriate. 

Eyphal Characteristics.— Hoth submerged and superficial hyphae staining with eosin, 
up to 7 ^ in diameter, clamps abundant ; chlamydospores numerous, entire mat occa- 
sionally breaking down into a mass of spores, ellipsoid to barrel-shaped, 9-12 x 6-12 jx, 
with a hyaline wall and a yellow or brownish content. 

o/ Dccai/.— -Brown butt rot- Two isolations. 

EemarTcs. — Polyporus halsameus is usually associated with a rot of balsam fir (13) 
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and other softwoods but lias been collected on yellow birch and black cherry on fhA 
Allegheny National Forest. The fungus has been described in culture by Fritz ( 12 ^ wZ 
noted the characteristic brownish chlamydospores. ■ 






basidiospores. H. Trauit^M: a, th J'wXdtyV-Tb! 

POLYPOEUS SUBCAETILAGINEUS OVERH. 

(Pig. 6, P, and Pig. 7, C) 

Key Pattern — A-O-S-1-2-10. 

Growth CharacteristieB.~^To^h slow, forming in 14 days a mat 3.5-5 cm. in diam- 
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eter; mat white, loose-cottony with tine water droplets on aerial hyphae, very fragile, 
azonate ; margin even, white. 

Eyphal Characteristics. — All hyphae staining with eosin, 2-5 jx, in diameter j clamps 
common ; chlamydo spores few, most abundant on inoculum of 14-day-old cultures, globose 
or ellipsoid, 5-10 jx in diameter. 

Type of Decay. — Brown butt rot. 3 isolations. 

Bemarhs. — This fungus is reported by Overholts (16) from Picea and Pruniis sero~ 
tina (Fig. 3, B). A similar fungus was also collected on Liriodendron by B. W. Bavidson 
and K. B. Boak at Washington, B. G., which is culturally closely related to the fungus on 
black cherry. Polyporus subcartilagineus is a little-known species and no information is 
available as to its host preferences. 

PORIA MUTANS PK. 

(Fig. 6, G and H, and Fig. 7, B) 

Key Pattern.--~B-P-~1--1-2~11. 

Growth Characteristics. — Growth moderately rapid, mat completely tilling Petri dish 
in 14 days; central zone Light Ochraceous Buff to ^ ‘ Ochraceous Buff ’ ^ and occa- 
sionally as deep as Ochraceous Orange,^’ irregular radiating or indefinite, appressed 
fine-woolly; rest of mat and marginal portions white or faintly white, appressed fragile 
usually with a belt of tufted mycelium near the edges of the dish. 

Eyphal Characteristics. — ^Hyphae staining with eosin 2-4 p, in diameter, with many 
clamps spaced at short regular intervals, on the hyphae, only occasionally branched at the 
clamps; fibrous hyphae at first with slightly thickened walls and staining content, 
gradually becoming empty with thick, even, or irregular walls, these hyphae prominent and 
characteristic 4-10 p in diameter, with occasional cross-walls but no clamps; chlamydo - 
spores abundant or rare, mostly globose with a thick hyaline wall, up to 15 p, in diameter; 
colored hyphae from inoculum coated with fine crystalline material. 

Type of Decay. — A white-piped heart and sap rot, usually associated with extensive 
trunk injuries. Eighteen isolations. 

Bemarhs. — The relationship of this fungus to cultures of Polyporus croceus Pers. ex 
Fr. (10) has not been critically studied although they are very similar in appearance. It 
is possible that some of the P. croceus Pers. ex Fr. eases reported for oak are Poria 
mutans. So far as known the decays produced by these two fungi are also similar. P. 
mutans sporophores were found several times on old cherry logs which contained typical 
decay. 

PORIA PRUNICOLA (MURR.) SACC. AND TROTT. 

(Fig. 6, I, and Fig. 7, E) 

File Pattern.— and B-P-M-ll. 

Growth Characteristics. — Growth medium, forming in 14 days a mat 5-7 cm. in 
diameter; mat Tawny Olive ^ band ^‘Buckthorn Brown with a narrow Antimony 
Yellow border 2-3 mm. wide next to the margin; moderately raised, azonate, with a fine, 
even, woolly surface, loose-felty in texture and peeling cleanly from the agar, not at all 
tough or leathery ; margin proper white or slightly yellowish, narrow, 2-5 mm. wide, even, 
radiating short-cottony. 

Eyphal Characteristics. — ^Hyphae staining with eosin 1-4 p, in diameter, branched 
Avith few cross-walls and no clamps, nonstaining hyphae yellow or dark brown, smooth or 
irregular, occasionally with slightly swollen spots, with cross-walls and branched, 1-4 
(-5) p, in diameter. 

Type of Decay. — A red mottled rot of the heartwood. In the incipient stage charac- 
terized by a darkening of the normal reddish heartwood. As the decay advances white 
pockets of completely decayed wood appear in the darkened heartwood. In the advanced 
stages the wood becomes soft with a white and dark reddish mottled appearance. Sixty- 
two decay eases. 

Bemar’ks.—Eo fruiting of the fungus was encountered on living infected black cherry 
and only one sporophore Avas collected on a down log of the species in the areas studied. 
Fruiting of Poria prunicola was very common on dead fire cherry. Poria prunicola sporo- 
phores cannot be separated on a morphological basis with certainty from Fomes igniarius 
var. laevigatus (Fr.) Overh. or Poria spiculosa Oampb. & Bavidson. These three species 
are distinct, however, in host relations and cultural characteristics (1, 5, 6). 

PORIA SERICEO-MOLLIS (ROM.) BAXTER 
(Fig. 6, J, and Fig. 7, F) 

Key Pattern. — ^A-O-M-1-2-11 and E-O-M-1-2-11. 

Growth Characteristics. — Growth medium, forming in 14 days a mat 8 to 9 cm. in 
diameter; mat white or Pale Pinkish fragile, fine-woolly to appressed cottony, 
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azonate or faintly zonate; margin appressed, colorless^ even or fimbriate. Mats older 
than 14 days nsnally ^^Pale Pinkish to Light Pinkish Cinnamon,/^ cottony 

Hyphal CharacterisUes. — ^Hyphae staining with eosin 2-5 ju, in diameter, with damns- 
nonstaining fibrous hyphae 2-5 p, in diameter, colorless j ehlamydospores few or manv^ 
lemon-shaped to globose or ellipsoid, 10-16 x 7-12 p. ; basidiospores commonly produced in 
pores, which develop on the upper part of slant on tube cultures, short cyliiidric 5-7 x 3-4 

Type of Decay. — ^Brown cubical rot. Ten isolations. 

BemarTcs. — Doria sericeo -mollis have been noted on badly decayed lo^s 

of black cherry and also on large open wounds on living trees. Isolations of tliis fungus 
were most common from rot associated with large wounds such as those caused by the 
spUtting of forked stems. The interpretation of the species is that given by Overholts 

PORIA XA.NTHA (FR. EX LIND) CKE. 

(Pig. 6, K, and Pig. 7, G) 

Key Pattera.-~A-0-I-l-2-ll and B-O-I-1-2-11. 

Growth Characteristics. — Growth moderately rapid, mat completely filling a 9-cm 
Petri dish in 14 days; mat white or ‘^Sulphur yellow, azonate, thin, fragile, appressed 
pound the inoculum with scant aerial mycelium, fine-woolly near margin and often form- 
ing considerable loose-cottony aerial mycelium against the sides of the dish. 

Hyphal Characteristics.— staining with eosin 2-8 p, in diameter,* clamps com- 
mon, often double; the larger hyphae finally become empty with a thick hyaline wall or 
develop the hyaline wall and retain a narrow, irregular lumen, which stains with eosin • 
ehlamydospores, few or many, globose to lemon-shape, with a narrow hyaline wall- an 
occasional isolate fruits in culture producing allantoid basidiospores 4-6 X 1 5-2 5 u " 

Decay. —Brown cubical rot. One isolation from a badly rotted stump upon 
which the fungus was fruiting, ^ ^ 

BemarTcs.—Poria xantha is common on softwoods (17) ; often producing decay in 
structural timbers. Isolates from black cherry, white pine, and hemlock all had the same 
cultural characteristics. 

TRAMETES SERIALIS FR. 

(Pig. 6, L, and Pig. 7, H) 

Growth Characteristics. — Growth medium, forming in 14 days a mat 6-7 cm in 
diameter; mat usually with a tough, white, appressed, occasionally considerably thickened 
central zone and a wide, faintly white or colorless, appressed, thin, fragile marginal zone • 
marpn proper colorless, appressed, fimbriate. Central zone at times with radiating irreg- 
ularly spaced ridges and usually with very little loose surface mycelium. ^ 

Hyphal Otar act eristics.—Hjphno staining with eosin 2-5 p, clamps abundant : fibrous 
nonstaining hyphae 2-4 p diameter; ehlamydospores few or many,^ often irregular in 
shap^ 9-18 X 7-10 p; immature basidia also formed in some isolations in 14 days 

lype of Mot. — Brown rot. Pive isolations. ' 

SUMMAKY 

A study of cull caused by decay was made in 3 merchantable stands of 
black cherry on the Allegheny National Forest. Numerous infections, 
mostly in the butts, were present in 52-year-old trees; these, however, caused 
only 2.3 per cent cull based on board-foot volume. In two old-growth stands 
<116 and 120 years old), one of almost pure dense cherry and the other 
open-grown mixed hardwoods, cull from top or trunk inf ections was more 
important than butt rot. In the open-grown 120-year-old trees there was 

€.1 per cent cull and in the pure dense stand there was 11.3 per cent cull 
from decay. 

The most important butt rots were caused by Potyporus spraguei, P. 
lerkeUyi, and Gonwphora cerelella. The most important trunk rots were 
those caused by Poria prunicala, P. mutans, Fames pinicola and Polyporus 
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sulphur eus. These trunk rotters entered the trees principally through large 
branch stubs, except Poria mutam^ which was usually associated with large 
wounds. 

Most of the rots of black cherry present no external evidence of their 
presence, except Pomes pinicola^ wdiich formed conks on half of the trees 
infected by it. 

Twenty-tw’^o species of decay-producing fungi were isolated from 212 
rot infections in black cherry. Those most frequently isolated were : Poria 
prunicola (62 times). Pomes pinicola (32), Polyporus sulphureus (28), 
Poria muians (18), Polyporus spraguei (14), Poria sericeo-molUs (10), 
Polyporus herkeleyi (9), Coniophora cere’bella (8), Trametes serialis (5), 
and Poria infiata (5). 

Good quality black cherry can be grown to large sawlog size without 
excessive cull from decay. Management to increase diameter growTh after 
the early height growth is attained should hold down the amount of cull 
from decay if the trunks of the reserved trees are not injured severely. 
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THE FUNGUS CAUSING THE SO-CALLED “SEPTOEIA LEAF- 
SPOT DISEASE” OP BASPBEREY 

J. B. Demaeee and Makguerite S. Wilcoxi 
(Accepted for publication April 1, 1943) 

Infection characterized by small, angular to circular, grayish lesions on 
living leaves of raspberry, commonly known as Septoria leaf-spot disease, is 
prevalent in most regions in the United States. It is the most destructive 
fungus disease of raspberry in the Middle Atlantic States and westward to 
Arkansas. A similar disease, caused hj Septoria ruhi West., attacks the 
Eiibatus group of Buhus and is prevalent in almost every region where 
members of this group are found. 

For almost a century mycologists and plant pathologists generally have 
considered Septoria ruhi or one -of its described varieties to be responsible 
for the disease in all species of Buhus. In 1921 an ascogenous stage of the 
fungus, Mycosphaerella ruhi, was named and described by Roark (15) from 
overwintered leaves of both raspberry and blackberry. 

In 1939 the writers observed that a Sphaerulina occuiTed abundantly on 
overwintered raspberry leaves at Beltsville, Maryland, and found that it 
was a stage in the life cycle of the common raspberry leaf-spot fungus, al- 
though it failed to infect leaves of blackberry and dewberrj’-. These obser- 
vations led to a more extensive study of the fungi causing the so-called 
Septoria leaf spot of Buhus spp., and the findings are herein reported. The 
evidence indicates that the fungus attacking raspberry and having a 
Sphaerultna perfect stage attacks neither blackberry nor dewberry. 

REVIEW OP LITERATURE 

Reference in literature to the raspberry fungus is very meager. In 1885 
Bills and Morgan (in a paper by Ellis and Everhart (8) ) published as new 
the species Cyhndrosporium, ruhi found on living leaves of the black rasp- 
berry {B^s stngosus Michx.), from a collection apparently made by J. J 
Brown of Wisconsin. Their description of the disease agrees in general with 
observations made by the writers of the raspberry disease and fungus now 
under eonsi Jration. Furthermore, a specimen in the Mycological Collec- 
tions of the Bureau of Plant Industry, Soils, and Agricultural Engineering 
which IS undouMedly a part of the type collection of G. ruhi collected by 
J J. Brown in Wisconsin in 1885, was examined by the writers, who believe 
t to be Identical in every respect with the common raspberry fungus here- 
tofore referred to as West. 

Zundel (23), in 1942, reported Cylindrosporium ruhi as causing wide- 
spread damage to red raspberries in Pennsylvania. 

Vegel^tcroS Bivi jon of Fruit and 

neering, Agricultural Eesearcli A Agricultural Eiigi- 

Bureau of Plant InduLy ^Department of Agriculture, 

986 


1943] 


Demaree and AVilcox: Leap-spot op Kaspberry 


987 


It is not clear just when Septoria ruhi was first reported as associated 
Avith a raspberry disease similar to that of the blackberry. Galloway (9) 
reported upon ^‘experiments in the treatment of Septoria of raspberry and 
blackberry ’’ as early as 1891. In Kabeiihorst ^s Krypogamen Flora, 
Alleseher (1), in 1901, lists raspberry, in addition to blackberry and dew- 
berry, as a host of S. riihi. Bennett (3) mentioned that “raspberry, dew^- 
berry, and blackberry are attacked by a rather common type of leaf spot.^^ 
Colby, Anderson, and Flint (5) Avrote: “On raspberry leaves these spots 
soon turn to ashen-gray in the center. On blackberry and dewberry leaves 
the edge of the spots has a zone of puri^le tissue and the center is light brown 
to tan in color. . . . The disease is caused by a fungus, MycospJiaerella niM. 
It is more commonly knoAAui under the old name Septoria ruhi which was 
applied before the perfect stage was knoAvn. Dodge and "Wilcox (7) stated 
that “leaves of red raspberry are frequently attacked by the same fungus 
that causes leaf spot of dewberry. Hesler and Whetzel (10) reported that 
“the common leaf spot of blackberry affects also raspbeimy and dewberry.’^ 
Boark, in the opening statement of his paper describing the perfect stage 
of the Eubus Septoria, said: “The fungus formerly knowm as Septoria ruhi 
Westendorp causes leaf spots on many species of Btihus. . , 

The blackberry leaf -spot fungus was given the name Septoria ruhi by 
Westendorp (19) in 1854, when issued in Westendorp and Wallay^s Herbier 
Cryptogamique Beige, Fasc. 19-20, No. 938, and accompanied by label with 
description. He gave leaves of ro7ice (briar, bramble) as the host. The 
pycnospores (sporidies) were described as cylindrical, rounded at both ends, 
with 3 to 5 segments (sporules) very difficult to see, 1/100 to 1/200 mm. 
long. There seems to be some gap in the early taxonomic history of the 
fungus. On the label of the specimen two synonyms are given as follows : 
^^Sphaeria ruhi Duby, Bot. Gall II, p. 712 f — Depazea ruhi West, et Van- 
haes. Cat. Crypt, No. 80.^’ The question mark after “p. 712^^ may mean 
that Westendorp was uncertain as to the synonymy. The writers have not 
been able to find in literature and exsiecata available for examination any 
reference to Depazea ruhi. 

Kickx (12) in 1867 (p. 453) gave a fuller description of the fruiting 
body and the leaf manifestations of the fungus, but used Westendorp ’s 
description and measurements of the pycnospores. 

Saccardo’s (17) description of the fungus and the spots on the leaves 
is similar to the descriptions by Westendorp and by Kickx, except that he 
recorded the pycnospore dimensions as 40 to 55 p long and 1.5 p wide. 

Berkele.y and Curtis (4), apparently not knowing of Westendorp ’s 
Septoria ruhi, gave the same name in 1878 to a fungus on Eubus leaves col- 
lected along the Santee Eiver in South Carolina. Of course Westendorp ’s 
name has priority over Septoria ruhi Berk, and Curt. 

Several other references to Septoria on Ruhus are recorded in literature ; 
2 forms are designated as distinct species and others as varieties of 8. ruhi. 
Descriptions of these are either meager, or based upon the color of the 
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resulting lesions, or the pycnospores are shorter than the usual concept of 
S. ruhi West. In the opinion of the writers, length of the pycnospores alone 
cannot always be used as a basis for separating’ species or variants. They 
have found that the pycnospores, especially those on raspberry, vary consid- 
erably in the same pycnidium. Those formed immediately after maturity 
of the pyenidia are longer and more normal than those at the end of the 
period of pycnospore formation. Old pyenidia, once spent or exhausted, 
will contain a few short and otherwise abnormal pycnospores. It is thought 
that some descriptions of Septoria on Bubus have been made from material 
too old for satisfactory diagnosis. 

Septona comitata J. J. Davis was described from Caeoma-infected leaves 
of Bubtis (xllBQJiG%icfisis. The description does not indicate the fungus to 
be different from S. rubi West. Davis (6) made the following notation in 
his description: “While it is possible that this is a form of S. rubi West., 
modified by the form of the substratum, it is being kept separate under the 
name Septona comitata n. sp. ad interim.” The following varieties of Sep- 
toria rubi West, have been described as occurring on either blackberries or 
dewberries : Var. pallida Ell. and Holway; var. brevispora Saee.; var. saxa- 
tiles Alleseher; and var. asiatica Bub. There also has been described var. 
alba Pk. of Septoria rubi Berk, and Curt. The first two were separated 
because of their short pycnospores. The writers examined a portion of the 
original collection of Saceardo’s variety brevispora kindly sent to them by 

H. D. House, curator of the New York State Museum. Their measurement 
of pycnospores from this material showed them to vary from 22-48 p by 

I. 6-3 p. This is not greatly out of line with the normal dimensions of 8. 
ntbi West, in blackberry. 

It seems that the fungus also has been designated as Ascochyta rubi 
Laseher (13), Bhabdospora ramealis (Desm. and Eob.) Sacc. (18), and 
Sphaerella ligea Sacc. (16). ’ 

In 1937, Zeller (21), after examining specimens of Eepfom-infected 
leaves of Bubus from various localities, concluded that there are 2 Septoria 
leaf -spot diseases of Bubus in the United States and reported: “The mate- 
rials indicated that the leaf spots from the Pacific Northwest, Wisconsin, 
Durham, North Carolina, and England are essentially alike and constitute 
the usual concept of Septoria rubi West. The leaf-spot material sent from 
Beltsyille, Maryland, and Willard, N. C., however, had a different appear- 
ance. He further reported that the Beltsville material proved to be a 
fungus first described by Saeeardo as 8 . rubi West. var. brevispora from 
material on leaves of Bulus hispidus collected by C. H. Peck at New Chat- 
ham, New York. Zeller believed that there were so many distinct physio- 
logical and morphological differences between 8. rubi West, and var. brevi- 
spora Sacc. that one could not be considered a variety of the other and he 
therefore, raised Saeeardo’s variety to specific rank and proposed’the new 
combination 8 . brevispora (Sacc.) Zeller. Later, learning that the binomi- 
nal 8 . brevispora was preoccupied, he applied the new name S. darrowi (22) . 
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Zellei" was not very specific as to the host on which he foimcl his Septoria 
darrowi (8. drevispora) , but considered it broadly as a fungus parasitic on 
the genus Bithus, He referred to what one would expect to be his type 
specimens as the ^‘Beltsville, Maryland, material.” That could have been 
one of several species of blackberry, de^wberry, or raspberry. He, however, 
illustrated his fungus by a drawing of a pycnidium and pyenospores from 
a raspberry leaf and showed for comparison a drawing of 8. rtiM in Hima- 
laya blackberry {Buhiis procerus). He described his fungus as character- 
ized by small pycnidia (27-35 p high and 46-60 p broad) with pyenospores 
15-30 X 1. 8-3.4 p. Presumably, he was describing the raspberry fungus. If 
so, the name Cylindrosporium ruM Ell. and Morg. should have priority over 
Zeller’s 8. darrotvi in absence of proof of their dissimilarity. 

The short pyenospores recorded by Zeller could have been attributed to 
the condition of his specimens. If his specimens were collected in autumn 
.and the normal pyenospores had been discharged and washed or weathered 
out, then he would have had for measuring only the abnormal, short, blunt, 
1- to 3-septate pyenospores in the spent pj^enidia. 

From the descriptions it would appear that ruli Berk, and 

Curt., 78. comitata J. J. Davis, and all varieties of 8. ruhi should be consid- 
ered as synonyms of 8. ruhi West. 

There seems to be some significance in the fact that all species of Sep- 
toria on brambles have been recorded as pathogens in ^^Buhus^^ or in some 
blackberry species ; in no case in any original description has the raspberry 
been mentioned specifically as a host. 

THE RASPBERRY PATHOGEN 

The Pyenidial Stage 

The raspberry leaf -spot fungus is parasitic in living leaves and in the 
thin cortical layer of canes, and forms pycnidia and peritheeia in fallen 
leaves during fall and winter. 

On the green leaves, the immature fruiting bodies show faintly under 
the upper epidermis and within the boundary of small greenish-black spots 
(Pig. 1, A) about as soon as the spots are perceptible. Development of the 
pycnidia proceeds rapidly. They mature and pyenospores are produced 
and discharged before the fungus-invaded tissues are completely necrotic, 
as is evidenced by a color change from greenish-black to gray (Fig. 1, B). 

The pycnidia are subglobose to ovoid, average about 70 p high and 80 p 
wide, and lie within the palisade region of the leaf structure (Fig. 1, C) 
with their base extending well into the spongy parenchyma. In the early 
stages of its development, before the initiation of pyenospores, the pyenidial 
wall consists of a thin layer of closely interwoven hyphae. At maturity the 
base and side comprise 1 fo 3 layers of thin- walled cells, and the top is cov- 
ered with 1 layer, devoid of any ostiole structure. Apparently, the pressure 
exerted from within by the production of a large quantity of pyenospores 
is sufficient to rupture the pyenidial covering and the over-lying epidermis. 
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Fig. 1. A. Yoiin^ vaH];)l)c*rry leaflet showing early stage of the disease, when the pyc- 
iiulia are disehargiiig pyenospores, B. Leaflet showing older and move eons]iicuouH stage 
of spotting, after the pyenospores have been disehai'ged. C. Pyenidinm from a living 
}(‘af. xlblO. J). Pyenospores from a leaf pyenidinm. /‘lyd. E. Coiiidia formed on 
hyphae in young colony on corn-meal agar, x 125. F. TFeavy production of conidia 
from a sporogenoiis layer in an old corn-meal agar culture, x ;150, 
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The pycnospores are discharged as an aggregate, with the shape of a horn 
or cylinder, and having a diameter about equal to that of the fruiting body, 
which becomes hard when dry. Dew or rain dissolves the matrix cementing 
the pycnospores. The pycnospores may later be washed away, leaving the 
empty pycnidinm surrounded by a ring of ruptured epidermis, which then 
appears as a tiny crater. 

The pycnospores develop from short sterigmata growdng from the sides 
and base of the pycnidinm. The pycnospores are elongate, usually curved, 
slightly obclavate, thickest about one-third the distance from the base, and 
tapering toward the apex (Fig. 1, D). They are hyaline, granular, 3- to 
9-septate, and average 55 p long and 3.5 p wide. Although the length varies 
from 32 to 86 p, the great majority of the pycnospores fall within the range 
of 40 to 60 p. Measurement of width of pycnospores, made through region 
of greatest dimension, Anries from 3.0 to 4.8 j.i. G-ermination takes place 
terminally and laterally. 

The fungus commonly infects the canes of the raspberry and usually 
shows only as scattered pycnidia on the surface of the lower portion of the 
canes, or infrequentl}" causes discolored or necrotic areas in the cortical tis- 
sues. Because cane infections do not always cause conspicuous lesions, 
infected canes probably occur more commonly than is ordinarily suspected ; 
in fact, pycnidia frequently Avere observed on canes of raspberry varieties 
AAhose leaves are susceptible to infection. The fungus on the canes Avas 
demonstrated by inoculation experiments to be identical with the fungus 
on the leaves (see page 999). This fungus is thought to be the same as 
described by Ellis (published by George Martin (14) ) from raspberry canes 
and named BJiaidospora nibi. The pycnidia, although showing on the 
canes during late fall and winter, do not sporulate until May or June and 
are undoubtedly an important source from Avhieh new spring leaves become 
infected. Pycnidia on planting stock may serve to distribute the fungus 
from one locality to another (Pig. 2, F). 

The cane pycnidia are subepidermal and partly imbedded within the 
cortex (Pig. 2, G) . They vary from subglobose-ovoid to lenticular, and have 
a broad ostiole through Avhich the conidia are discharged in the form of a 
waxy cirrus. These fruiting bodies are more typical of the usual concept 
of a pycnidinm than those that develop in living raspberry leaves. 

The pycnospores in most respects resemble those formed during the 
summer in leaves. The cane form is shorter, averaging 40.8 p long, but has 
a width equal to those in the leaves. The most significant difference noted 
is that there are fewer shoAving the obclaA^ate shape. Most of them are 
uniformly cylindrical from the base to the tapering apical cell. 

ISoon after the infected leaves fall, wdnter pycnidia begin to develop near 
the old lesions. These shoAv on both surfaces but in greater number on the 
underside, where they are concealed by the dense tomentum, unless it is wet. 
These pycnidia may be found at any time from late autumn to spring. They 
are at first subepidermal but emerge later through the epidermis and appear 
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to be quite superficial. They are black, subglobose to urn-shape and measure 
about 80-121 X 65-101 p, averaging 94 to 82 p (Fig. 2, A, a). The side of 
the pyenidial wall is composed of 2 to 4 layers of thick-walled cells. 


±10. 2. Winter stage of the raspberry leaf spot fungus. A. A pycnidium (a) and 
a pentlieeium (b) of the SpMeruUm on an overwintered leaf, x 350. B. An aseus as 
usually seen in freshly mounted specimens. 0. Developing aseospores being discharged 
from a ruptured ascus, but still retained by an inner ascus membrane, x 800. D. Fully 
developed aseospores immediately after being liberated from an ascus. x 800. E. 
Aseospores showing characteristic septation. x 800. F. Baspberry cane showing seat' 
winter pycnidia, X4. G. A winter pycnidium from a cane. 

Stained sections do not show clearly the presence of an ostiole, and the 
weifiht of evidence indicates that an ostiole is lacking. 
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The winter pycnospores are in all essentials like those produced on green 
leaves. The cnltiiral characters of the overwintering fungus are identical 
with those of the summer form. The presence of both pycnidia and peri- 
thecia on overwintered, diseased leaves, with an apparent cellular connection 
(Fig. 2, A, a and b) strongly suggests genetic relationship. Proof of such 
relationship by inoculation was not attempted. 

THE ASCOGENOUS STAGE 

In the spring of 1939 a search was made for the ascogenous stage of the 
common Septoria on overwintered leaves of blackberry, dewberry, and rasp- 
berry. According to Roark (15) the perfect stage is a MycospJiaerella. No 
fungus resembling that described by Roark was found on any leaves exam- 
ined, although perithecia of the Sphaemlina type were commonly observed 
on raspberry leaves. This fungus was assumed to be some saphrophyte, 
hence no further study of it was then made. 

The following spring another search w^as made for the Mycosphaerella on 
Biilus. SphaeruUna was again plentiful on overwintered raspberry leaves. 
Two collections of dewberry leaves were made that bore perithecia of the 
MycospJiaerella type (cultures from these perithecia proved later not to be 
parasitic on Bul)us) ; and of several collections of overwintered leaves of 
blackberry none had perithecia of any kind. 

Ascospores from perithecia of the Sphaemlina type of the raspberry 
fungus were isolated and grown on corn-meal agar ; the resulting growth of 


TABLE 1. — I^,esults of direct and cross inoculation of leaves of rasy'berry, demherry, 
and hlacMerry with pathogens isolated from each form 


Source of cultures used 
for inoculum 

Plant 

inoculated 

Number 
of plants 
inoculated 

Number 
of leaves 
inoculated 

Number 
of leaves 
infected 

Number 
of lesions 
appearing 

Pycnospores from living 

Raspberry 

10 

85 

■ 75 

22,350 

raspberry leaf 

Dewberry 

11 

99 

0 

0 


Blackberry 

11 

90 

0 

0 

Sphaemlina ascospores 

Raspberry 

10 

132 

121 

18,300 

from overwintered 

Dewberry 

4 

67 

0 

0 

raspberry leaf 

Blackberry 

3 

24 

0 

0 

Pycnospores from living 

Dewberry 

5 

54 

35 

1,490 

dewberry leaf 

Blackberry 

10 

104 

79 

450 


Raspberry 

5 

47 

0 

0 

Pycnospores from living 

Blackberry 

11 

79 

53 

1,180 

blackberry leaf 

Dewberry 

7 

51 

19 

275 


Raspberry 

7 

62 

Qa 

0^ 


a Two plants infected. See text, p. 999. 


hyphae and conidia resembled the fungus previously isolated by using pyc- 
nospores of. the leaf-spot fungus from living raspberry leaves. A water 
suspension of the conidia from ascospore isolates was applied to the foliage 
of disease-free potted raspberry plants in a greenhouse. In about 2 weeks 
lesions appeared on the inoculated leaves. In these lesions occurred fruit- 
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ing bodies and pycnospores similar to those of the fungus naturally present 
on raspberry leaves. During the following 2 years, numerous successful 
inoculations were made on raspberry leaves with conidia from cultures 
originating from single-aseospore isolations of the raspberry Spliaendma. 
Parallel inoculations on dewberry and blackberry leaves were negative. 
The results of these inoculations are given in table 1. 

The Perithecia 

Perithecia form in late fall ; asci develop only on resumption of 'warm 
spring weather. The fungus, somewhat sensitive to weather conditions, 
does not complete its growth cycle if weather is too hot or too dry. Peri- 
thecia are largely superficial, with bases embedded in spongy parenchyma, 
and protrude through broken epidermis. They are black, ovate to conical, 
slightly papillate, 88-140 p high, and 86-120 p wide (Pig. 2, A, b). The 
perithecial wall is thin, comprising 2 to 3 layers of cells. 

Development of the asei and ascospores was observed over a period of 
several hours after mounting in a drop of tap water inverted over a Van 
Tieghem cell Usually, when asci were first separated from the peritheeium, 
they appeared immature (Pig. 2, B), with homogenous and granular con- 
tents; but, within 2 hours, faint lines representing the 8 ascospores began to 
show (Pig. 2, C). The development of the ascospores continued slowly 
until their form was seen clearly. The ascospores at this stage were packed 
within the ascus without any apparent order. Simultaneously, with the 
development of ascospores, the ascus slowly distended 20 to 30 p in the 
direction of the long axis and at the same time the spores changed position 
to fill this space (Pig. 2, C). What happens to the ascus wall is not clearly 
understood, but apparently it ruptures horizontally and the tip is pushed 
upward or to one side by the pressure of the developing spores. An inner 
membrane, or spore-enclosing, w’all disappears and the mature spores drift 
apart (Pig. 2, D). No indication of their forceful discharge has been 
observed. 

Asei are clavate-eyiindrical, with obtuse or somewhat pointed apex; 
44.8 p to 70.4 p long by 9.6 p to 15.0 p wide. The ascus wall is 2-3 p thick, 
sometimes ai)parently thicker at free end; no paraphyses were observed. 
The ascospores are hyaline, granular, cylindrical, ends somewhat pointed 
but a little more so at apex, slightly curved, usually 4-eelled, less frequently 
6-8-celled, 32-57 p long by 3.5 to 5.8 p wide (Fig. 2, D and E). 

The spores germinate within 1 or 2 hours after liberation from an ascus. 
Usually a germ tube grows from the free end of each terminal cell. Less 
frequently the intermediate cells germinate; and when they do; the germ 
tube emerges near a septum. 

Th(^ writers made a search for perithecia on overwintered leaves of vari- 
ous lorin of RyJyus for 3 successive years. In addition to examining collec- 
tions taken from different localities, they collected in the autumn spotted 
leaves of blackberry, dewberry, and raspberry at Beltsville, Maryland, A 
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l)ortion of these collections were left in the field with only enough protection 
to prevent scattering by the wind, and marked so they could be found for 
examination the following spring. Other portions of the collection were 
placed in floorless wire cages, so that the leaves would be in contact with 
the soil. At various times during the winter and spring, specimens from 
the field or cages were transferred to a greenhouse or moist chamber in the 
laboratory. The Spliaerulina was found on ^raspberry leaves each year 
without difficulty. 

Only infrequently have perithecia of any kind been observed on over- 
wintered blackberry and dewberry leaves. Perithecia of Mycosphaerella 
type were observed on a few collections taken near Beltsville, Md., and near 
Eose Hill, Willard, and Ealeigh, N. C. The size of the asci and ascospores, 
and character of the growth on artificial media indicated that 3 groups or 
species were represented. One type, collected in 1941 on dewberry at Eose 
Hill, N. C., and in 1942 at Beltsville, Md., produced small, hyaline, 1-septate 
ascospores, the 2 cells being of unequal size. The spore measurements 
varied froni 6.8 to 12.0 p long by 2.6 to 3.8 p wide. Twenty-seven single- 
spore isolates were made from this form. The colonies on artificial media 
did not sporulate and were otherwise unlike any fungus isolated from living 
BtiMis leaves. 

A second form, also bearing ascospores with cells of unequal size, was 
collected on overwintered dewberry leaves at Beltsville. These spores 
ranged from 12.0 to 16.0 p long, by 3.2 to 3.5 p wide. Thirty-two single- 
spore isolations were made from the 2 collections. The appearance of this 
fungus on corn-meal agar somewhat resembled the dewberry leaf -spot fun- 
gus. Black, conical, ostiolate pyenidia were formed that extruded masses 
of cream-colored filiform pycnospores measuring 17.8 to 27.6 p long and 
1.6 to 2.5 p wide, or about half the length of the pycnospores of the dewberry 
Septoria. Several attempts v(^ere made to infect dewberry and blackberry 
leaves with this ascospore isolate. Fourteen Lucretia dewberry and 2 Law- 
ton blackberry plants were inoculated. No infection developed. The fun- 
gus was considered non-parasitic on the 2 Buhtcs inoculated and 

different from Septoria rubi. 

The form most frequently present on overwintered leaves was collected 
on dewberry at Beltsville in 1940 and 1942, also at Eose Hill, N. C., in 1941, 
and on blackberry and dewberry at Ealeigh, N. C., in 1942. Ascospores 
were hyaline, 1-septate, the 2 ascospore cells being about equal in size. 
Ascospores were 14.4 to 22.0 by 2.8 to 3.5 p in dimensions. The spores of 
this fungus are only slightly smaller than the measurements reported by 
Eoark (15) for Mycosphaerella ruU; and are apparently identical with 
those of the single specimen filed in the Mycologieal Collections of the 
Bureau of Plant Industry, labeled Mycospliaerella ruM (West.) Eoark. 
This specimen was determined by F. A. Wolf from a collection made at 
Ealeigh, N. C., in 1924. 
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Eiglity single-spore isolations were obtained by the writers *frona the 
collections taken from the 3 localities mentioned above. The resulting 
colonies resembled somew^hat those of Septoria ruM, but grew more rapidly 
and produced neither conidia nor pyenospores. It is believed, therefore, 
that this fungus is not the aseogenous stage of 8, r%ibi West The fungus 
the writers do consider to be /S', n/hi West., which attacks living leaves of 
the Eulatus group of EubtiSj has been isolated from collections made from 
various parts of the United States, and in every case has produced either 
conidia or pyenospores on corn-meal agar. 

In Koark’s (15) paper on the Septoria leaf spot of Biibus the claim is 
made that the Septoria occurring on Buhtis is the imperfect stage of a 
Mycosphaerella with ascospores measuring 20 to 25 x 3.5 to 4.25 p. This 
Ilycosphaerella found by Eoark on overwintered leaves of 2 raspberry 
species, Buhus sirigosus Michx. and B, parviflorus Nutt., and on 2 black- 
berry forms, B. allegheniensis Porter and B. Mspidtis L., in a restricted 
section of Wisconsin. 

As far as is known by the writers no one in the United States except 
Eoark has demonstrated the relationship between a Septoria on Budus and 
a Mycosphaerella. 

The very excellent original draft of Eoark ’s doctor’s dissertation^ from 
which the published extract was taken was examined by the writers. The 
unpublished paper shows that Eoark isolated an aseogenous fungus from 
overwintered raspberry leaves. Subcultures of a majority of these isola- 
tions formed conidia (secondary conidia) in abundance. When these were 
sprayed on raspberry leaves with an atomizer the well known leaf spot 
resulted; but, when dewberry leaves were inoculated with the conidia, the 
result was negative. Inoculations made from an aseogenous fungus on 
overwintered blackberry leaves made, with one exception, nonsporulating 
colonies on artificial media. Inoculum from the one sporulating culture 
was applied to 1 Cuthbert red raspberry and 2 Lucretia dewberry plants. 
Eoark ’s report shows that he secured on 1 dewberry plant ‘^several spots 
that look like Septoria spots; but no pycnidia.” No infection occurred on 
the other dew^berry plant inoculated, nor on the raspberry plant. 

Because of the nonsporulating character of his isolates from perithecia 
on overwintered blackberry leaves, Eoark resorted, for inoculum, to frag- 
ments of leaves bearing perithecia and depended upon the forceful expul- 
sion of ascospores to the under surface of leaves. Twenty-five such trials 
w’ere attempted and 2 were considered successful. In one case leaves of 
Buhiis Uspidns, with an abundance of mature perithecia, were arranged 
so that ascospores wwld be discharged upon the moistened lower surface of 
cultivated blackberry leaves.” The plant was kept under a bell jar for 4 
days. On 4 leaflets groups of brown spots developed and, later, 2 pycnidia. 
Eoark stated: “It is possible but not probable that the lesions were caused 

‘-i Doc^tor’H dissfirtatbtt entitled ^ * The Septoria leaf-spot disease of hy E M 

hoark; deposited in the Library of the TJmvorsity of Wisconsin, Madison, Wisconsin.’ 
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by pyenospores from pyenidia present along with the perithecia on the 
pieces of dead leaves.’’ In another case Liieretia dew^berry leaves were 
iiioeiilated in the same manner and from the same source. The inoculated 
leaves developed “many very small red spots but these red spots never 
developed any further.” 

In summarizing the results of inoculations using isolates from pycno- 
spores as the inocula, Roark (15) stated: “None of the strains isolated from 
the raspberry group were found to infect any member of the blackberry 
group, and none of the strains from the blackberry were found to infect any 
type of raspberry.” 

Zeller (21), who made a study of Rr bits leaf-spot fungi, and examined 
some of Roark’s material on which the latter based l[m My cospliaerellaf 
stated that “Some question arises concerning the perfect stage of Septoria 
ruM West. ... We have never seen in Oregon any Mycosphaerella on 
Bultts similar to M, niM Roark. ” 

The present report concerns principally the taxonomic status of the 
raspberry fungus, and evidence is presented to show that the imperfect 
stage is identical with Cylmdrosporium nibi Ell. and Morg., and that the 
ascogenous stage is a Spliaerulma, apparently not heretofore described, and 
for which the name Spliaenilina ruM is proposed. This fungus is believed 
to be different from S, Mermixta (Berk, and Br.) reported (20) as occur- 
ring in Europe on dead branches of Buliis and Bosa^ and having short 
ascospores measuring 16 to 18 p long or about one-half the length of asco- 
spores of the ra^phevvy Spliaerulina, 

The following is a description of the raspberry leaf-spot fungus: 
Sphaerulina riibi sp. nov. 

Stat. conid: Cylindrosponum riihi Eil. and Morg. (8). Peritlieeia usually numerous, 
scattered or in groups, mostly hypopliyllous, at lirst subepidermal, later eruihpent, black, 
conical, ostiolate-papillate, 88 to 140 p, high and 86 to 120 p, wide. Asci fasciculate, 
sessile, clavate-cylindrical, curved or straight, 44.8 to 70.0 p long and 9.6 to 15 p wide, 
containing 8 spores ; outer wall about 2 p thick ; inner wall membranous. Ascospores 
hyaline, granular, cylindrical, usually curved, pointed at both ends, slightly more so at 
apex, normally 4-eelled, less frequently 6- to 8-celled ; 32.0 to 57.6 p long and 3.5 to 5.8 p 
wide. Parapliyses lacking. Hab. in overwintered leaves of :B.u'bus strigosus Miclix. in 
Maryland, Missouri, and North Carolina. 

Perithecia plerumque numerosa, conspersa, vel caespitosa, vulgo hypophylla, primum 
subepidermicalia dein erumpentia, atra, conica, papillato-ostiolata, 88-1*40 p alta, 86-120 p 
lata ; asci fasciculati, sessiles, clavato-cylindriei, curvati vel recti, 44.8-70 p longi, 9.6-15 p 
lati, octospori; tunica exteriori circa 2 p crassa, interiori membranacea; ascosporae liya- 
linae, granulosae, cylindricae, plerumque curvatae, utrinque praecipue ad apieem acutae,, 
typiee 4-, rarius 6-8 -cellulatae, 32-57.6 p longae, 3.5-5.8 p latae ; parapliyses nulli. Hab. 
in foliis anni praeteriti Muti strigosi Michx. Maryland, Missouri, et North Garolina.s 

Pycnidial stage: (Cylindrospornm nibi Ell. and Morg. (Emended)). On living 
leaves, causing circular to angular spots, at first greenish-black, later grayish, usually 1 
to 2 mm., sometimes 4 to 6 mm. in diameter; pyenidia, epiphyllus, subepidermal; 58 to 
80 p high and 58 to 121 p -wide ; wall thin, 1 to 3 cells thick ; pyenospores elongate, obcla- 
vate, slightly curved to falcate, pointed at one end, 3- to 9-septate, hyaline, 32 to 86 p 
long by 3.0 to 4.8 p wide in region of greatest thickness. Common in living leaves of red 
raspberry, Muhus idaetis Jj., unci black raspberry, M. occidenfalis L., east of the Pocky 
Mountains. Also occurring in canes and overwintered leaves, 

3 Latin diagnosis prepared by Miss Edith K. Cash, Division of Mycology and Disease 
Survey, U. S. Depaidnuuit of Agiiculture. 
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Type specimen of tlie fungus has been deposited in the Mycologieal Col- 
lections of the Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing, U. S. Department of Agriculture, Beltsville, Maryland, under No. 71381. 

PATHOGENICITY OP THE RASPBERRY FUNGUS 

Although these studies pertain primarily to the raspberry leaf -spot fun- 
gus, parallel studies of the fungi from leaf spots on blackberry and dewberry 
were made in order to present a more complete i^icture of the heretofore 
confused status of the Septorm pathogens attacking Butus. 

Single pyenospore isolates were made from the leaf-spot fungi on black- 
berry, dewberry, and raspberry; likewise, monosporic cultures were made 
from aseospores of the Spliaenilina on raspberry. 

Inoculation Experiments 

The inoculation work was done on especially grown greenhouse plants. 
The variety Taylor, the most susceptible one available, was employed for 
the raspberry studies. The Liicretia dewberry and Lawton blackberry were 
selected to represent the Eul)aius section of Bubiis, The plants, with tops 
cut below the ground line, were taken from the field in the fall and set 
in 6- or 8»ineh pots. From 1 to 5 disease-free shoots grew from each potted 
root, and when they had attained a height of 8 to 15 inches, they were con- 
sidered suitable for inoculating. Each shoot bore leaves of varying age 
and size, from a closed terminal bud to fully mature leaves. Their size and 
maturity were recorded on tags attached to each petiole when the several 
leaves were inoculated. The inoculum, a spore suspension in distilled water 
with a small amount of Santomerse as a spreader, was applied with an 
atomizer. The Santomerse proved especially advantageous in case of the 
raspberries, because of the thick tomentuni on the lower leaf surface. It 
w^as learned earlier that infection took place principally on the lower leaf 
surface and that water alone did not readily penetrate the tomentum. 
Inoculated plants were held for 48 to 72 hours either under bell jars or in 
a moist chamber equipped with an automatic humidity regulator. Tem- 
perature regulation for the inoculated plants during the incubation period 
wus found necessary. The raspberry fungus required a somewhat higher 
temperature for germination and growth than did the blackberry and dew- 
berry fungi. These temperature requirements -were met by holding the 
inoculated plants during the incubation period in greenhouses maintained 
at the required temperature levels. 

For computing the degree of infection the entire leaf, instead of the 
individual leaflets, was used as the unit. When the raspberry fungus was 
inoculated on leaves of its host, heavy infection usually resulted. This 
fungus at no time ever infected either blackberry or dewberry leaves. A 
large number of lesions appeared after inoculating blackberry leaves with 
the blackberry isolate or dewberry leaves with the dewberry form. Cross- 
inoculation with these 2 latter strains on the 2 hosts coneeniecl resulted in 
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fewer infections tliaii when the isolates were put on their own hosts. The 
dewberry isolate was never induced to infeet raspberry. 

The 7 raspberry plants inoculated with the blaekberiy fungus (Table 1) 
were of normal size for the purpose, the foliage ranging from unopened 
buds to old and mature leaves. The blackberry fungus apparently did not 
infect such leaves, but did attack very small ones on a few other raspberry 
plants that were abnormal. These plants, having grown too large for con- 
venient handling, were cut back to the ground line. As a result numerous 
short, weak shoots with very small leaves developed from the underground 
parts. The limited number of spots observed on these leaves averaged about 
-J mm. in diameter, and had 1 pycnidium in each spot. Size and shape of 
the pycnospores, growth on artificial media, and inoculation on blackberry 
leaves proved this fungus to be identical with the one ordinarily inhabiting 
blackberry leaves, and not the one naturally parasitic on raspberry leaves. 
This experiment was repeated at another time with similar results. 

Since the pycnidia commonly found on raspberry canes contain pycno- 
spores similar to those produced on living raspberry leaves, it was thought 
essential to determine whether or not a relationship exists. Single-spore 
cultures were made of the cane fungus, and the resulting eonidia were 
applied to raspberry leaves in the usual manner. A total of over 500 lesions 
developed on 37 of the 50 inoculated leaves. Raspberry plants inoculated 
with spores of the leaf pathogen developed pycnidia on the canes when held 
over winter. 

Pathogenicity of the ascogenous stage of 8phaer%lma from overwintered 
raspberry leaves was demonstrated by inoculating 132 raspberry leaves with 
eonidia from cultures derived from ascospore isolates. A moderately heavy 
infection of the leaves was obtained. Prom the number of leaves inoculated, 
121 showed a total of over 18,000 spots within 17 to 24 days. This demon- 
stration is thought to be adequate proof of the genetic relationship of the 
S'phaenilina with the raspberry leaf -spot fungus heretofore generally re- 
ferred to in literature as Septoria ruhi West. The eonidia from the asco- 
spore isolates failed to infect leaves of blackberry and dewberry inoculated 
under conditions similar to those under which the raspberry plants were 
held. 

Age and Surface of Leaves Most Susceptible to 
Infection by the Raspberry Fungus 

Since the leaves on each inoculated plant were tagged, described, and 
numbered on the date of inoculation, it was possible upon completion of the 
observation, 3 or 4 weeks later, to determine the approximate age, size, and 
condition of leaves most susceptible to infection. 

The size, or condition, of the leaves was classified as 1, the terminal bud; 
2, unfolding buds ; 3, small, but expanding leaves; 4, leaves 4 grown; 5, full- 
size leaves, yet immature, somewhat succulent and greenish-yellow ; and 6, 
leaves considered as mature — that is, fully grown, dark green, with firm 
texture. 
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These data, involving 256 leaves and over 37,000 lesions, show that only 
the young leaves are susceptible to infection. The greatest susceptibility 
of the leaf seems to be during that period when the leaf area is still increas- 
ing, and the tissues are succulent. Very small leaves appear to be less sus- 
ceptible than those a few days older, but this may be due to the smaller area 
for colleetiiig spores. After the leaves were fully grown and had developed 
their normal dark green, they seldom became infected in the inoculating 
chambers. 

In the experiments planned to determine which surface of the leaf is 
more subject to infection, the inoculum was applied by means of a camel- 
hair brush. It was shown that infections ordinarily occur on the lower 
surface of the leaves of raspberry (Table 2). The occasional spots that 
appear when the inoculum is applied to the upper surface are attributed 
either to faulty technique or injury of the upper epidermis. 


TABLE 2. — Besults of inoculating under and upper surfaces of raspberry leaves 
with pathogens isolated from this species 


1 

Source of cultures used 
for inoculum 

1 

Plant, and 
leaf-sur- 
face in- 
oculated 

Number 
of plants 
inoculated 

' 

Number 
of leaves 
iiiociilated 

! 

Number 
of leaves 
infected 

Number 
of lesions 
appearing 

i 

Pyenospores from living 
raspberry leaf 

Raspberry 

Under 

4 

30 

21 

5,455 

i Upper 

2 ' 

15 

0 

0 

Sphaerulina ascospores 
from overwintered 

■ Raspberry 
Under 

1 

9 

9 

387 

raspberry leaf 

Upper 

1 

1 

8 

2 • 

5“ 


* These inf ections appeared near the margin of the leaves and may have been due 
to faulty technique, or the fungus gained entrance through injuries. 


GERMINATION OP PYCNOSPORES, TEMPERATURE RELATIONS, AND 
CULTURAL CHARACTERS OF THE RASPBERRY FUNGUS 

Pyenospores of Sphaerulina ruM germinated readily in tap water. In 
this medium hyphae grew from the pyenospores both, terminally and later- 
ally, but most commonly the germ tubes originated from the ends. Evi- 
dences of germination, such as swelling and slight elongation, were mani- 
fested soon after the pyenospores were placed in water or on nutrient agar. 
The segments between the septa showed the greatest enlargement and this 
accentuated the visibility of the erosswalls. 

Although this rasjiberry fungus grew under artificial conditions through 
a wide range of temperatures, it made its optimum growth at 27° C. Pycno- 
spores germinated in water at 15° C. and produced hyphae 4 or 5 times their 
length within 72 hours. During the same interval, when held at 27° C. 
the hyphae attained a length of 10 to 15 times that of the pyenospores. 

Isolations of the fungus, obtained from collections made in different 
parts of the country, showed considerable variation in size of colonies, color 
of mycelium, and amount of conidial production when grown on corn-meal 
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nutrient agar. The growth rate of isolates was comparatively slow, some 
requiring 4 to 6 weeks to cover the surface of an ordinary slant culture 
maintained at room temperature, while others never attained a diameter 
greater than 12 to 15 mm. Aerial hyphae varied in amount from sparse to 
dense, and in color from mouse-grey to white. Color of the submerged 
mycelium of different isolates varied from white to olive-black, with the 
olive-black predominating. 

In cultures the fungus never produced pycnidia or other forms of func- 
tioning fruiting bodies. However, some isolates formed black, spherical 
bodies on the surface of the medium which resembled fruiting structures 
but when crushed between a coverglass and slide yielded what seemed to be 
an oily substance. On nutrient agars the fungus produced conidia pro- 
fusely, directly from hyphae. Short sterigmata or conidiophores formed 
along the hyphae, from which several conidia developed successively (Fig. 
1, B). Sometimes hyphae formed rings or hyphal coils and sporulated in 
a manner similar to that described by Kienholz (11) for Neofahraea mali- 
corticis and Oloeosporium perennans. Then too, several anastomosing 
hyphae may form a strand or rope and sporulate abundantly. In older 
cultures the hyphae at or near the surface became closely septate, cell fusions 
were frequent, the whole surface became sporogenous, and produced a great 
quantity of conidia, piled up in mounds or spread out over the surface as 
a slimy salmon-colored to fawn-colored layer (Pig. 1, F). 

A simple method for observing the manner of early conidia! formation 
was to plant either pycnospores or conidia on a sterile coverglass, cover with 
a drop of clear nutrient agar, and invert over a Van Tieghem cell. Such a 
culture, incubated at room temperature, would yield conidia in less than a 
week. These occupied a narrow plane between the agar and the coverglass, 
and could be readily examined at the desired magnification. 

DISCUSSION 

The discovery that a SphaeruUna rather than a Mycospliaerella is the 
aseogenous stage of the raspberry leaf -spot fungus, which for many years 
has been considered to be Septoria ruhi West., offers an opportunity for 
speculation as to the probable relationship of this fungus with the forms 
occurring in dewberry and blackberry. 

During these investigations the writers did not find an aseogenous stage 
in blackberry or dewberry material that could be associated ^ithx Septoria 
riibi. The /Splmcfid/ma, however, has been plentiful in raspberry leaves each 
year in Mar 3 dand. 

The fungus observed on raspberry has not been induced to infect either 
blackberry or dewberry. Cultures made from blackberry infected the dew- 
beriy moderately and the raspberry with difficulty. The fungus isolated 
from the Lucretia dewberry did not infect the Taylor raspberry, but was 
moderately pathogenic to the Lawton blackberry. In morphological char- 
acters and growth on culture media the raspberry fungus differed from, the 
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forms on blackberry and dewberry, the dilferences being greater in the case 
of the Liicretia dewberry form than in the case of the blackberry form. 
When a particular form infected another host species its morphological and 
cultural characters were not altered. The variations exhibited by the fungi 
studied, in the opinion of the writers, indicate that more than one fungus, 
or else widely divergent strains of the same fungus, are pathogenic for 
Bubus species. Other investigators have observed similar variations. Eoark 
(15) stated that the “blackberry strain would not cross to raspberry nor 
would raspberry strains infect blackberry.’’ He further stated, in dis- 
cussing the cultural characteristics of Septoria from Bubus septoria: 
“Strains from the same or different hosts varied considerably . . . some 
readily forming pycnidia, while others formed only masses of needle-shape 
secondary conidia.” Zeller (21) stated: “Varieties of B, occidentalism 
B. sfrigosusj dLiid B. idaeus are for the most part extremely susceptible to 
S. brevispora and resistant to 8, rubi, while blackberry species are rather 
generally attacked by both.” Beach (2) inoculated leaves of the black rasp- 
berry (Bubus occidentalis) and of a species of blackberry with pycnospores 
taken from the former, and reported: “In 2 w^eeks all 30 leaves of B. occi- 
de7italis were thickly spotted with Septoria, but no trace of infection could 
be found upon the blackberry.” He concluded that the results of his 
experiment “indicated the existence of biologic forms in Septoria rubiJ’ 

It is the conclusion of the writers that the raspberry Sphaerulina infects 
neither the blackberry nor the dewberry under natural conditions, and 
furthermore, the blackberry and dewberry forms probably never infect the 
raspberry; but it is possible for the forms on blackberry and dewberry to 
cross-infect under field conditions. 

Until there is more substantial proof of the relationship of the leaf-spot 
fungi from raspberry, blackberry, and dewberry, it seems advisable at the 
present time to name the raspberry pathogen Sphaerulina rubi n. sp. and 
retain the binomial Septoria rubi West. {Mycos^Aaerella ruM (West.) 
Boark) to designate the fungus causing the common leaf spot in the Euhatus 
section of Bubus. 

SUMMARY 

A disease of the raspberry blown as Septoria leaf spot is common in the 
United States east of the Rocky Mountains and does serious damage in the 
southern half of that region. A similar disease is common on the blackberry 
and dewberry throughout this country. 

The pathogen in all 3 hosts has been known for almost a century as 
Septoria rubi Westendorp, and more recently as Mycosphaerella rubi 
(West) Roark. 

The present investigation shows that the aseogenous stage of the rasp- 
beiry fungus is a Sphaerulina^ while no aseogenous stage of the blackberry 
and dewberry pathogen could be found in overwintered blackberry and 
dewberry leaves. 
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111 artificial inoculations under greenhouse conditions the raspberry 
leaf -spot fungus was non-pathogenie for blackberry and dewberry leaves. 
The isolates from dewberr}" leaves infected dewberry and blackberry but 
not raspberry. Isolates from blackberry leaves infected blackberry readily, 
dewberry moderately, and raspberry with difficulty. 

The isolate — >whether to be regarded as a species, race, or strain — from 
each of the 3 hosts differs morphologically and physiologically from the 
other 2 and retains its morphological identity even if capable of infecting 
another host. 

The differences are greatest between the raspberry and dew^berry forms ; 
the blackberry fungus is intermediate between the other 2 forms. 
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COMPARATIVE TOXIC EFFECTS OP EXTRACTS PROM MILD 
AND VIRULENT ISOLATES OP TOMATO-WILT PUSARIUM 

Feedeeick L. Wellman^ 

(Accepted for publication April 4, 1943) 

In tlie course of studies relating to control of the fusarium {F%isarium 
hidhgemim var. ly coper sici (Brushi) Wr. and E.) wilt of tomato (Ly co- 
per sicon esculent'um Mill), work has been published that has dealt with 
numerous investigations on the action of the pathogen. It has been found 
that isolates of the fungus differ greatly in pathogenicity (16) ; that dis- 
similarity in cultural characters or types are correlated with variations in 
patliogenicity (15) ; that this variation is correlated with contrasts in physi- 
ology (11) ; that the virulence of the organism may be increased through 
selective action, that is, development of variants of exceptional vigor (12, 
16) ; and that the populations of virulent types may multiply and become 
dominant over mild types under certain environmental conditions, as well as 
in the presence of tolerant host plants ( 12) . The purpose of the research here 
reported''^ was to investigate the effects of toxic excretory products of viru- 
lent and mild isolates, or ‘‘strains,’^ of the tomato-wilt Fusaritm. A num- 
ber of workers (2, 4, 5, 6, 7, 17) already have shown that toxic excretory 
products are formed in cultures of the organism, and a recent report (3) 
indicates such toxic substances are formed inside the parasitized host cells, 
as well as in artificial culture. Haymaker (4) compared the relative in- 
jurious effects of the toxic substances of a highly pathogenic, with those of 
a mild, strain of the Fusarium^ and concluded there were evident differences 
in effects of the secretions from these two divergent strains. Since my 
studies dealt with virulent and mild sti^ains of the pathogen similar to those 
described by Haymaker, it was thought advisable to investigate further any 
differences in effects of their secretions. No attempt was made to obtain 
any informatmn on the nature of the substances in secretions from the 
tomato Fimrkim that cause the toxic effects. 

MATERIALS AND METPIODS 

In tins investigation it was necessary to use a special technique in con- 
nection with demonstrating toxic differences. All cultures were grown on 
agar prepared in accordance with Wellman’s formula (12), and the liquids 
employed were either of this same composition, except that no agar was 
added, or of the Toehinai composition (9). 

Fusarium cultures were grown as follows: Agar Petri plates (9 cm 
diameter, containing 25 cc. of medium) were inoculated in the center with 

valuuWo assiatanee of Wilson Levering Smith, Jr. in the 
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a disk of inociilinn and incubated 3 weeks. From around the edges of these 
plates were cut ‘^standard inoculum-disks/^ measuring 6 mm. in diameter. 
A single disk was dropped in an Brlenmeyer flask of 250 cc. capacity, con- 
taining 100 ec. of liquid. The inoculated flasks of liquid were then thor- 
oughly agitated, and were incubated in the dark at near 28° C., without 
further disturbance. 

An experiment consisted of comparative tests of a number of series of 
cultures, each series of diflerent age. The cultures were filtered through 
No. 2 Whatman filter paper on a Biiehner funnel, using a vacuum of 25 
inches of mercury. The mats were discarded, except when weighed, and 
for every different series from 3 to 7 flasks of filtrates of a given age and 
of a given strain were combined for testing purposes. 

Ill reporting toxicity results each datum represents the arithmetical 
mean (standard errors were low, from ±: 0.00 to dz 0.79, largely ai'ound 
±: 0.06) of observations on from 5 to 18, usually 8, treated plant tops. 

The two isolates of Fusarium hulbigenum var, lycopersid involved in 
these studies have been described in other publications (11, 12). They dif- 
fered markedly in cultural appearance and in pathogenic reaction (11). 
The one (11) described as K5-6 has here been designated as ^ to indicate 
its relatively high virulence under the experimental conditions. It caused 
death of susceptible Bomi}^ Best tomato seedlings within 5 to 7 days after 
inoculation, and killed tolerant Marglobe seedlings in 20 to 24 days. On 
Wellman’s agar this V strain grew slowdy, developing a white, powxlery, fine, 
raised and woolly colony. It produced no macrospores but abundant typical 
unicellular microspores and chlamydospores (18), and had a sweetish alde- 
hyde odor that became ammoniacal and finally disappeared with age. The 
other isolate, previously described (11) as A15-8, was designated as 
to indicate its relatively mild infectiousness. It did not seriously injure 
Bonny Best seedlings, although it produced some wilting of cotyledonary 
leaves and occasionally affected one or two leaflets on a basal leaf. It caused 
no observable wilt of Marglobe. On agar it grew more rapidly than V, and 
developed a dark colored, slimy colony with a few moist, coarse, twisted and 
tangled ‘threads” over its surface. It produced large numbers of typical 
4-eell, crescent-shape macrospores, unicellular microspores, and chlamydo- 
spores (18), and had a yeasty to sourish odor that became ammoniacal and 
finally disappeared with age. The Bonny Best and Marglobe strains of 
tomato used for testing were the same as those employed in previous w^ork 
(15, 16). Comparative effects on these tomato varieties showed that toxic 
symptoms, per se^ did not differ although Bonny Best showed a little greater 
severity in effect in parallel tests. ♦ 

Dependable toxicity reactions on host plants were successfully obtained 
when solutions were tested on excised tops from month-old seedlings grown 
in a standard manner (13) and selected for uniformity. These tops were 
cut off in the greenhouse while turgid, dropped in watei', and carried to the 
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laboratory where the cut end of each plant was iinmei’sed in 30 ee. of test 
solution in a test tube of 16 nnn. by 150 mm. inside dimensions. It was 
found that nondiluted filtrates from cultures often were so toxic as to cause 
^•ery rapid plant collapse. Wheir plant tops wilted or collapsed too quickly 
it was obviously impossible to secure more critical distinctions betw’een eom- 
I)arative toxic disturbances. Trials showed that a good dilution for testing 
was 1 part of filtrate to 2 of ordinary tap water. Also, it was found that it 
was neither necessary to filter cultures aseptically nor to sterilize test solu- 
tions by filtration through bacteria-exeluding filter candles. Care was exer- 
cised by washing procedures to avoid contamination bet-ween filtrates for 
test series. For comparative purposes in each experiment, plain tap water 
was used as one control and another was made from a dilution of liquid 
medium that had been inoculated in the standard manner but filtered im- 
mediately after agitation with the standard inoculum-disk. Spore suspen- 
sions to use as a control series to test for toxic effect were prepared also in 
several instances by gently washing off spores from the agar surfaces of 
Petri-plate cultures 3 to 6 weeks old. 

It has been demonstrated by many workers (1, 2, 4, 5, 6, 7, 17, 19) that 
excised tops of tomato seedlings wait when treated %vith culture extracts not 
only from the common tomato-wilt Fusarhmi, but from other fusaria, as 
well, and indeed from fungi of unrelated genera. These results have been 
tuithei substantiated, as I hav'e found such wilting caused by FusiiTiuw> 
huMgenum. var. lycopersici (all of the 5 different types (15) of isolates), 

hulhigenuni var. nweuni (E. P. Sm.) Wr., F. oxysporum var. cuiense 
(E. P. Sm.) Wr. & E., F. oxysporum var. auranHammi (Lk.) Wr., F. oxy- 
sporum Schl. f. 2 AVr. {F. hyper oxysporum AVr.), F. sp. (causing tomato 
wilt (14)), Alternaria solmi (E. and M.) J. and G. (several isolates of dif- 
ferent types), AUernaria tomato (Cooke) Brinkm., Alternaria, sp. (small- 
spored, eatenulate type), Penicillium roqueforti Thom (Strain qf^l60-18 
from Charles Thom), and Aspergillus niger van Tieghem. It is thus evi- 
dent that no specificity for wilting of excised tomato tops can be claimed for 
F. hdiigenum var. lycopersici It has been noted, however, that there are 
different degrees of injury from toxic liquids from this latter organism and 
that the variations are correlated with dilution, as w^ell as other factors. 

All toxicity tests were made in the laboratory at from 26 to 31° C., and 
W’ere well protected from sunlight or direct air currents. It seemed that the 
most conclusive wilting developed in the laboratory when the time selected 
for testing toxic action oeenrred during a settled period of dry iveather. 

^ Haymaker’s (4) indices of toxicity as exhibited on plant tops treated 
with toxic soliition.s, were described by him as follows: “.stem-drooping = 2; 
leaf collapse = 6 ; leaves water-soaked = 8 ; leaves dry and brittle = 10.”’ 

- fter some trials it appeared that under my experimental conditions a dif- 
I ere.it progress^ion of symptoms occurred, ft started with si ight dariiening 
around the hydathocles at the apices of serratioirs on the leaf margins, and 
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advanced b}’ regular steps tlirougli varying necrotic and wilting symptoms 
on leaves to their slirivelling and desiccation. Stem drooping followed by 
wilt and collapse was considered as a symptom following occnrreiiee of leaf 
effects. The progression of symptoms was noted in detail in many experi- 
ments and the stages of response were finally listed, arranged in order of 
severity, and given numerical values (Table 1) that were somewhat com- 


Fig. 1. Different symptoms of toxic effect on excised tops of Bonny Best tomato 
l>lants, caused by toxins in filtrates from cultures of tomato-wilt Fusarium, A. Included 
for comparison. No injury, stem immersed in water. B, C, and D. Tests of filtrates 
taken from mild. .Fusarhm isolate during period of its most vigorous growth. E, F, and 
Gr. Tests of filtrates taken from virulent isolate during period of its most vigorous growth. 
H. Test of filtrate from virulent isolate after mat began to show signs of degeneration. 
I and J. Tests from mild and virulent strains, respectively, during the period in which 
the mats showed most marked and rapidly changing appearance of degeneration from 
staling. Nnte that E, F, and G appear more seriously injured than B, C, and D. 
I and J, however, exhibit equally severe collapse. Epinastic effects (see footnote 2, table 
1) still observable in 0, D, and I, However, when toxic effects were excessively rapid, 
ending in such severe collapse as in H, I, and J, wilting was seen but epinasty did not 
occur. 


parable to similar values used (9) in estimating pathogenicities of isolates 
of the tomato-wilt Ftcsarnim. The toxic values may be grouped as follows: 
0 = no observable injury ; 1, 2, 3 = mild injury ; 4, 5, 6 = moderately serious ; 
7, 8 , 9 = very serious ; 10, 11, 12 = severe ; 13, 14 = very severe ; and 15 = death. 

The most dependable data were from the evaluations taken at 17 to 21 
hours after the cut ends of plants were immersed in the test solutions. In 
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making* toxic evaluations, final data were secured by successive recording of 
evaluations from each experiment at intervals of a few hours during 12 to 48 
hours after the tests had been started. At the earliest periods of examina- 
tion the plants did not appear to exhibit full toxic effects, and after about 
26 hours the responses were likely to be irregular and unduly accentuated. 

DIFFERENT TYPES OP TOXIC SYMPTOMS 

In these studies there appeared to be two general types of symptoms 
(Fig. 1) : those confined largely to buds, leaflets, and petioles j and those that 


^ Symptoms on leaflets of tomato (Bonny Best) of various stages in severity 
ot toxie effect caused by treatment with filtrates of the virulent strain of the tomato-wilt 
tusanum For toxic values compare with table 1. Excised plant tops were put in solu- 
tions of filtrates from liquid cultures of various ages. A. Included for comparison. No 
injury, plant top in water, toxie value 0. B. Early symptoms of leaflet injury, plant with 
toxic value 2. Serrations damaged aronnd the margin of the leaf blades, and one or two 
small necrotic spots are present in lamina of each leaflet. C. Moderately serious iiiiury, 
plant wuth toxic value 4- ^ Increased severity of injury around leaf edges, slight cupping 
of, and numerous necrotic spots in leaf lamina. D. Serious injury, plant with toxic 
va ue 6. .collapse of edges of cupped leaflets, and epinasty. E. Very serious iniury, 
plpt with toxic value 8. Wilt of leaflets and epinastie petiole starting to wilt. F. severe 
injury, plant with toxic value 10. Leaflets crisp-dry and petiole wilted. 

consisted of a rather X)recipitate wilting and collapse of the stem and the 
"whole plant top. These observations were made under the most ideal con- 
ditions of experimentation, as ontlined above xinder ^‘Materials and Meth- 
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TABLE 1. — Toxic symptoms given numerical values (toxicity indices) and arranged 
in order of progressive severity of damage. Tests made on excised tops of tomato 
seedlings^ in solutions from culture filtrates of the tomato-wilt Fusarium 


Toxicity 

Injury on foliage 

Injury on stem 

index 

Leaf blades 

Petioles 

Apex and bud 

Main stem 

0 

No injury 

No injury 

No injury 

No injury 

1 

Serrations necrotic on 




margins of lower leaves 

do. 

do. 

do. 

2 

Serrations necrotic on 





margins of lower and 
middle leaves, with few 
small necrotic spots in 





lamina 

do. 

do. 

do. 

3 

Serrations necrotic on 

Eirst signs of 

Slight injury to ser- 

do. 


margins of all ex- 

epinasty,^ small 

rations on bud leaves 



panded leaves aceoin- 

deflection 




panied by slight cup- 
ping, many necrotic 





spots in lamina 




4 

Leaves mildly cupped. 

Moderate epi- 

Injury more exten- 

do. 


necrotic spots on lam- 

nastic deflec- 

sive on bud leaves 



inae, large basal leaf- 

tion 




lets wilting 




5 

Extensive areas of 

Serious epi- 

Severe injury 

do. 


collapse on leaves, 
wilting more extensive 

nasty 



6 

Wilting accompanied 

Severe epi- 

Injury on bud leaves 

do. 


by severe cupping. 

nasty, some 

more extensive, tips 



edges collapsed 

petioles losing 

flaccid 




turgidity 



7 

Severe wilt 

First wilt 

Tips of bud leaves 

do. 




collapsing 


8 

Severe wilt, edges 

All older peti- 

All of bud leaves 

do. 


starting to dry 

oles wilted 

necrotic 


9 

Leaf edges crinkled 

Wilting with 

Tip bud and leaves 

do. 

10 

11 

and dry 

collapse 

Collapsed 

crisped 

Tip dead but erect 
Tip of stem wilted 

do. 

Slight droop 
of top 



12 

Crisp dry 

^ of top 
collapsed 



13 


of top 
collapsed 




14 




All wilted 

15 




Complete 





collapse 


^ Seedlings used were of botli Bonny Best and Marglobe varieties, grown according 
to previously described method (13), 4 to 5 weeks old, about 5-leaf stage, in a warm 
greenhouse, in 3-inch pots. Tops cut off at ground line below cotyledons, dropped in 
water and then cut ends immersed in test solutions. 

^ Epinasty, as has already been pointed out (10) , is typical of an early wilt symptom, 
and in these studies was characterized by downward deflection of turgid and unnaturally 
stiffened petioles, in contradistinction to the droop and flaccidity of ordinary wilting. 

ods.’’ It was requisite that the respective ages of the enltbires tested be of 
such spacing and continuity that the progressive changes in toxicity of 
filtrates could be readily followed. 

While there w^as overlapping in toxic symptoms the stages in change 
were sufficiently distinct to permit their arrangement in progressive order 
(Table 1). It was repeatedly noticed that symptoms as indicated for toxic 
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vahuss from 1 to about 10, were developed in filtrates from fresh, well-<.-rown 
eultm-es, and symptoms that indicated toxic values from a little above 10 
to lo Ycie from filtrates of cultures that had passed from the staf?e of vigor- 
ous growth to a shghtly staled condition. Observations on toxic symptoms 
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tliat occiaTed on plant tops about 18 hours after their cut ends had been im- 
mersed in the test filtrates, eliminated somewhat the complications due to 
excessive drying of toxin-damaged plant parts, that might easily conceal the 
difference between the collapse from extreme and rapid toxic action that 
ends in drying, and the slower accumulation of injurious effects that might 
also end in a desiccated appearance. 



Pig. 4. Comparison of symptoms of different types of toxicity (c/. Pig. 1), on ex- 
cised tips of Marglobe tomato plants, produced by cultures of the wilt Fusarium. A and 
C. Severe injury by filtrate of vigorously growing mats. Shriveled leaflets not quite crisp- 
dry, epinasty of petioles to be followed shortly by sagging and wilt. B. and D. Wilting 
response just prior to collapse, due to filtrates from cultures in which mats were showing 
macroscopic signs of degeneration. ..Wilting of petioles was not preceded by epinasty. 
In B, leaflets of the upper leaves wei:e succulent and still showed darkening (indicated by 
arrows) at hydothodes on serrations around leaf margin. This combination of symptoms 
occurred rarely in cases of inci])ient and rapid stem collapse. 
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It is worth emphasizing that the results of toxic effect from relatively 
young cultures consisted of symptoms that were almost wholly confined to 
the leaves. Such symptoms (Pig. 2) were characteristic of plant tests made 
on filtrates from cultures in which the fungus mats were still in an active 
state of growth. The symptoms were different in tests from somewhat 
older cultures. However, it was of interest that, later on, after quite a 
number of weks of incubation and extreme degeneration of the fungus mats 
such leaf symptoms without stem effects were again observable. While these 
symptoms were of the same general type as those shown in figure 2, they 
differed from them in that the plants were apt to be a little more flaccid 
without actually wiltuig, and the leaves have a slightly grayish east. 

The toxic effects on stems seemed to be of diagnostic value in relation to 
the condition of the culture from which the filtrates were obtained. Marked 
stem wilting and collapse as in figures 1, 3, and 4, appeared from treating 
plants with filtrates from cultures in which the fungus was no longer grow^ 
mg but had recently become “stale” and was in the process of apparent 
degeneration. In this connection it is well to note that under certain con- 
ditions stem collapse occurred so rapidly that leaflets might not be seriously 
necrosed before wilting (Fig. 4) even though parallel tests with filtrates 

from younger, vigorously growing cultures might cause extremelv severe 
leaf injury. 

COMPARISONS PROM CULTURE FILTRATES 

llie object of these studies was to compare differences in toxicity of the 
filtrates between the V isolate that was extremely pathogenic on tomato 
plants and the M isolate that was very mild in its effect. Preliminary ex- 
pel imcnts determined the methods to be employed, and assays were made 
o record m a numerical manner the varying degrees of toxic injury. A 
oLn experiments were conducted in which tests were made on about 
2000 excised plant tops. It is from 8 of these tests that the representative 
data were secured that are presented in table 2, and from which the graphs 
were drawn (Pig. 5). Findings from 2 of the experiments were corrobora- 
ive in nature, but were not included in these data because of the relatively 
small number of series involved. 

As has already been mentioned, it appeared that when a suffieientlv 
planned extensive experiment was conducted and filtrates were studied 
cultures of the proper ages, a regular succession of toxic effects wmuld 
be observed, as m figure 5 and table 2. The tests of media immediately 

susnrnsi ir -S ? f tops in tap water or in spore 

oXro « reduced the 

ox city ol the liquid in which the spores had germinated and hyphae were 

“ wff (Fig. 5). This beginning period of mild 

lasted for about the first week of incubation in V cultures and 

.noro .h.„ twee ,b.. long in M enitnres. In the V cnltoeo there 
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during about tbe 6tli to the 12tli days of incubation, a considerable increase 
in toxic effect from the culture filtrates, while in the M cultures this occurred 
from about the 11th to somewhat past the 30th day. 



Pig. 5. Results from one typical experiment to compare differences in toxic effect 
{cf. Table 1) of filtrates from cultures at different ages of a vii*ulent and a mild strain of 
the tomato-wilt Fusarium. A. Each pH value is the mean of 3 determinations for each 
of 3 flasks. B. Each weight is the mean for 3 air-dry fungus mats. C. Each toxicity 
index is the mean of evaluations of 10 excised Bonny Best tomato plant tops with cut ends 
immersed in filtrate solutions. Data for A and B secured by methods previously de- 
scribed (11). 

It may be seen further (Fig. 5, compare with Table 2) that this period 
of higher toxicity in both V and M cultures was correlated with the most 
rapid growth in flasks, as indicated both by inei’ease in mat weight and 


TABLE 2. Co'inpaiiso7L of toxic effects from filtrates of cultures of Fusarium htilbigenum var, lycopersicif from virulent (V) and mild (M) 
isolates tested at different periods of development \ \ / 
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appearance of fungus growth. Following this (Fig. 5, B) mat weights Avere 
in a process of considerable reduction, in V cultures about the 13th to the 
28th days, and in M cultures from somewhat past the 30th to after the 45th 
day. I have pointed out before (11) that, after a certain amount of mat 
growTh, autolytie action results in loss of mat weights. It appears from the 
present data that it is during this period of degeneration that the liquids, 
recovered from such autolized cultures, caused extreme toxic responses on 
excised plant tops. The filtrates producing extreme toxic injury were from 
cultures about two weeks old for the V isolate, and about a month old for 
the M. The period of extreme toxicity, once started, lasted about 15 days 
in both the V and M cultures, and that observation correlates 'well with the 
time of most rapid reduction in mat weights. As filtrates aged longer they 
became much less toxic, so that after a few months to a year or more of 
standing in flasks, the filtrates were much less injurious and of about equally 
feeble effect whether from V or M cultures. 

DISCUSSION 

The filtrates from vigorously growing cultures of the highly virulent V 
isolate of the tomato wilt Ftisarium were notably more toxic than such 
filtrates from similar vigorous growing cultures of the mild M isolate. It is 
possible, therefore, that some qualitative difference could be demonstrated 
between the toxic substances from the M and V isolates. However, the dif- 
ferences might be only in degree of intensity. Furthermore, when filtrates 
from cultures of either of the isolates were tested shortly after mats in the 
respective flasks showed signs of autolysis, the liquids were about equally 
toxic to tomato plant tops. These assays, it is believed, indicate that the 
toxic principle most likely to be the actual and precise cause of wilt in 
fungus-infected plants, can more readily be found in Fusarium cultures 
that are still in a vigorous state of growdh. After the fungi stop growing 
in culture flasks and autolysis sets in, the filtrates obtained from such cul- 
tures contain a mixture of decay products and secreted toxins. 

Observations reported by others corroborate the evidence of differences 
in toxic effect of the products from old and young cultures. For example, 
Hikmet Ahmet (5) found that filtrates from 1-week-old cultures of the 
tomato-wilt Fusarium caused the first wilting of tomato plant tops in 24 
hours ; cultures that were 2 weeks old produced it in 18-22 hours ; those 3 
weeks old, in 8-10 hours ; those 4 or 5 weeks old, in 5-7 hours ; and those 6 
or 7 weeks old, in 2-3 hours. He observed also that plants treated for 72 
hours in liquids from cultures 1 or 2 weeks old bore wilted and flagged leaves 
but the stems were erect ; if treated in filtrates from cultures 3 weeks old 
the plants drooped, stem and allj and filtrates from cultures 4 to 7 weeks 
old caused complete stem collapse. Another example is in the work of 
Haymaker (4), who used cultures that were 5 and 6 weeks old, and consid- 
ered a lesser period too short a time to produce the most potent toxin content 
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in eulture. Prom tlie data lie obtained lie coiieliided, ^^tliat in the majority 
of cases excretory products from virulent strains are apparently no more 
toxic to plants than those from innocuous strains.’’ However, when he 
used 3 -week“ 0 ld cultures he found that much greater differences in toxic 
effect were observable between his virulent and mild strains. It would 
appear that in most of his experiments his results may have been consider- 
ably influenced by a preponderance of autolytic products in his test solu- 
tions. 

It is, moreover, of practical importance that the mild strain of the 
Fmarium appears much slower than the virulent strain in its toxin-produc- 
tion in liquid eulture. It has been pointed out above that these differences 
in progress in toxicity parallel those in growth of the fungus. In previous 
'work I have reported (12) observations indicating that the internal host 
environment produces a very distinct iuliibiting effect on progress of the 
mild type of the organism in comparison with the virulent. These obser- 
vations wdien taken togetlier may give some clue as to the nature of fusarium 
resistance in the tomato. As advance of the pathogen in the host tissues is 
more and more impeded by internal environmental conditions occurring in 
the tolerant or resistant host types, the infected host has a much better 
chance to overcome the injiiry from the parasite. It would appear that 
effective resistance in the tomato plant may be, at least in considerable part, 
the result of inhibiting or restraining the growth of the organism once it is 
within the host rather than of neutralization of a toxin. 

Two varieties of tomato were used in these studies, Bonny Best, which 
is markedly susceptible to fusarium wait under field conditions, and Mar- 
globe, which is highly tolerant. When comparative reactions from toxic 
effects of culture filtrates were tested on excised i3lant tops, it was found 
that diff*erences in injury were distinct in these two varieties but not so 
great as would be expected from comparative field data on their relative 
resistance. It is believed, however, that further understanding of the 
nature of the wilt toxins and the refinement of the techniques of plant assay 
involved, might result in development of a method for accurate determina- 
tion of relative resistance of plants to infection by the tomato-wilt Fiisamim. 

SUMMARY 

Studies were made of comparative toxic symptoms appearing on excised 
tomato plant tops whose cut ends 'v^’-ere immersed in filtrates from various 
aged tomatowvilt cultures grown in liquid medium. Liquid 

filtrates from vigorously growing cultures were seriously toxic, causing leaf 
blade, petiole, and tip bud damage, while filtrates from cultures that had 
])assed the vigorous growth stage and had begun to ‘^stale” caused extreme 
injury of plant tops including stem collapse. Further aging of liquid cul- 
tures appeared to reduce the toxicity of the filtrates to a very marked extent. 

llesults obtained in comparative assays of a virulent and a mild strain 
(d llie FuutT’iwn showed that the former strain produced more toxic material 
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in liquids, and that the filtrates were highly toxic after a much shorter 
period of incubation than was required by the mild strain. Toxic effects 
were of about equally extreme severity from staled cultures of either the 
virulent or the mild strain, and were apparently about equally feeble after 
long aging of the staled cultures in flasks. 

Division op Fruit and Vegetable Crops and Diseases, 

Bureau op Plant Industry, Soils, and Agricultural Engineering. 

Agricultural Kesearch Administration, 

United States Department op Agriculture, 

Beltsville, Maryland. 
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DIPLODIA PINEA, THE CAUSE OP A DISEASE OP HARD PINES 

Alma M. Wateemani 
(Accepted for publication March 19, 1943) 

INTRODUCTION 

Numerous reports and collections of Diplodia pinea (Desm.) Kickx 
(Sphaeropsw elhsii^ Saee.) on hard pines have indicated its wide distribu- 
tion in the United States for some time (16, 29, 30, 31), but it is only within 
the past decade that it has been recognized as the cause of a disease of suf- 
ficient importance to arouse a demand by tree owirers and commercial 
arborists for information regarding the disease and its control. The pres- 
ent paper deals with the taxonomy of the fungus, the hosts and distribution, 
the pathological effects of the fungus by natural infection of various parts 
of hard pines and by artificial infection of needles and twigs of the current 
season ’s growth. The morphology of D. pinea has been discussed by various 
investigators, particularly Curtis (10) and Birch (4) ; therefore, it is not 
included in the present study. ’ 

TAXONOMY OF THE FUNGUS 

Desmazieres, in 1842, described Sphaeria pinea on dead needles of Finns 
sylvesins L. in h ranee (12, pp. 104-105). In 1867 the fungus was trans- 
ferred to the genus Diplodia by Kickx (17) and was designated as D. pinea, 
with brown one-septate spores measuring 35-40 p x 16-18 p. Since then, a 
similar fungus on various species of pine throughout the world has been 
reported as a species of Phoma, Macrophoma, 8 pkaeropsis, Diplodia or 
Botrifodiplodm, according to the collectors’ individual interpretations of 
the material at hand. Hence, the synonymy of the fungus has become con- 
siderably confused. Birch (4), in his discussion of Diplodia pinea on pines 
in New Zealand, lists 13 synonyms for the fungus, including snecies from 
all of the above genera. Stevems, during a study of certain species of 
Sphaeropm, made spore measurements from authentic material including 
type specimens, and various collections of a number of these species from 
pine specimens filed in the herbarium of the Division of Mycology and Dis- 
ease Survej^ Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing, Agricultural Research Administration, U. S. Department of Agricul- 

to examine the slides 

this study; to Mr. Kenneth U Aldrieh make use of his notes in 

Division of Forest Pathology Bureau of Pl'inf Haven Office, 

neering, Agricultural Boseareh AdministrSon* Agricultural Engi- 
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tiire, Beltsville, Maryland. In general Ms results tend to substantiate the 
synonymy designated by Bireli, as indicated particularly by the size of the 
spores from the following exsiccata : 

Diplodia pinea (Desm.) Kickx on dead needles of Pinus pinea L. Yilla 
Pamphili, Rome, Mar. 1902. D. Saccardo, Mycotheca Italica No. 955. 
Spores 27-36 p x 12-16 p. 

Diplodia pinea (Desm.) Kickx on Pimis radiata Don. Natal, South 
Africa. June 1921. Coll, and det. by A. M. Bottomley. No. 14831. 
Spores 29.7-36.3 p x 11.8-15 p. 

Diplodia niegalospora Berk. &> Curt, on cones ot Pmns iaeda L. South 
Carolina. 1874. Berkeley Herbarium No. 5012 (type specimen). Also 
N. A. F. No. 420. Spores 32-39 p x 12.8-13.2 p. 

Diplodia megalospora Berk. & Curt, on Pinus nigra Arnold. TJrbana, 
Illinois. Apr. 7, 1883. Herbarium of A. B. Seymour. Spores 30-36 p 
X 12 p. 

Diplodia megalospora Berk. & Curt, on leaves of Pimis halepensis Mill. 
Viscosa, Escola, Brazil, Dec. 8, 1929. Coll, by A. S. Mueller. Det. by 
N. E. Stevens. Spores 35-41 p x 16-19 p. 

Spliaeropsis pinastri Cke. and Ell. on Pinus sylvestris. New^field, New 
Jersey. 1878. Ellis Herbarium No. 2917. Det. by Cooke. (Type speci- 
men.) Saecardo used this specimen as the basis for establishing the species 
S. ellisii (24, p. 300) since he had already given the name S. pinastri (24) 
to a fungus reported by Leveille in 1846 as Phoma pinastri (20, p. 282) . A 
fungus collected by C. J. Muller at Eastbourne, England, on cones 

(presumably Scotch pine) was designated as Plioyna pinastri Lev. by Cooke 
in 1878 (7, p. 178). No spore measurements were given in Leveille ^s de- 
scription, but Cooke reported the spores in his material as 10 p x 6-7 p. 
Grove (14) stated that Saecardo used Cooke’s measurements in his descrip- 
tion of 8. pinastri, but that the spores in Cooke’s specimen are identical in 
size with those reported for 8. ellisii Sacc. (8. pinastri Cke. and EIL). He 
concludes, therefore, that P. pinastri Lev. is synonymous with 8. ellisii Sacc. 
It is possible that Cooke’s specimen labeled P. pinastri Lev. may be mixed 
material, and a portion of it may be identical with Diplodia pinea {8. ellisii ) . 
The inclusion of P. pinastri Lev. as a synonym of D. pinea, however, cannot 
be made without a detailed examination of authentic material, not available 
to the writer. A specimen, numbered 4777 in the Fungi Columbiana and 
labelled 8pliaeropsis pinastri (Lev.) Sacc., on cone bracts of Finns nigra 
London, Ontario, Canada. April 1915. Det. by J. Dearness,” has spores 
measuring 30-36 p x 12-13.5 p and apparently should have been labeled 
Spliaeropsis pinastri Cke. and Ell. or 8 . ellisii Sacc. 

Spliaeropsis ellisii Sacc. (8. pinastri Cke. & Ell.) on fallen cones of Pinus 
nigra, Newfield, New Jersey. Jan. 1894. Coll. J. B. Ellis No. 967. 
N.A.F. No. 525. Spores 30-36 p x 12-15 p. 

Spliaeropsis ellisii Sacc. on cones of Pinus sylvestris. Lombardy. 
Cavara.— Fungi longobardiae exsiccata No. 95. Spores 30-39 p x 12-18 p. 
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Sphaeropsis pinicola Speg. on needles and twigs of Pinus halepensis. 
Fort Ciinyngliam, Cape of Good Hope, South Africa. Jan. 4, 1913. Coll, 
and det. by I. B. Pole Evans. Sydow’s Fungi Exotici Exsiccati No. 279. 
Spores 33-39 ^ x 14-18 p. 

Additional exsiccata, examined by Stevens, with similar spore measure- 
ments, which vary noticeably from those given in the original descriptions 
of the respective species, are as follows : 

Diplodia conigena Desm. on cones of Pinus sylvestris. Padova, Italy. 
Jan., 1898. D. Saccardo, Myeotheca Italica No. 355. Spores 28 5-39 n 
X 12-15 p. 

Diplodia conigena Desm. on cones of Pinus pinea. Villa Pamphili, 
Rome. Mar., 1902. D. Saccardo, Myeotheca Italica No. 956. Spores 30- 
33 px 12-15 p. 

Diplodia pityophila Feld, on dead branches of Pinus sylvestris. Buden- 
heiin, Austria. Herbier Fuckel 1894. Fungi rhenani No. 538. Herbier 
Barbey-Boissier No. 2299. Spores 30-36 p x 12-16 p. 

Diplodia sapinea (Fr.) Fekl. on twigs of Pinus sylvestris. Padova, 
Italy. June, 1897. D. Saccardo, Myeotheca Italica No. 160. Spores 28- 
36 p X 12-15 p. 

Diplodia sapinea (Fr.) Fekl. on twigs of Pinus sylvestris. NorfoUr, En- 
gland. Aug., 1874. Coll, by C. P. Plowright. DeThiimen, Myeotheca 
Universalis No. 383. Spores 30-39 p x 12-13.5 p. 

^ Birch does not include these species in his .synonymy, but Grove gives 
Diplodia conigena as a synonym for his D. pinastri, and D. sapinea as simi- 
lar except for spores “sometimes inequilateral” and measuring 20-26 p 
X 12 p. Haddow and Newman (15) found that Sphaeropsis pinicola Speg., 
oruginally collected from P. radiata in Argentina, is also the same as D. 
pinea. These are only a few examples of the confusion encountered in 
checking over the exsiccata and collections of this fungus. However, Des- 
maziere’s Spkaeria pinea, changed to Diplodia pinea by Kiekx, antedates the 
other species mentioned and therefore D. pinea is the preferred designation. 

HOSTS AND DISTRIBUTION 

Spkaeria pinea was originally described on dead needles of Pinus sylves- 
tris in France (12, pp. lOA-105). When it was changed to Diplodia pinea 
its habitat was given as needles of P. sylvestris and P. mugo var. mughus 
(Scop.) Zenari in Belgium, France, and Italy (17). In the United States 
D. megalospora was described on cones of P. taeda in South Carolina (3, 
p. 3) and a similar fungus, Sphaeropsis pinastri, was reported on dead twio-.s 
of P. .sylvestris m New Jersey (8, p. 5). Since that time D. pinea has been 
reported under its various synonyms on several species of pine. Many of 
the early reports did not indicate definitely whether the fungus was found 
merely on dmd parts or on living leaves and twigs, although in some eases 
It was mentioned as occurring on dead leaves hanging on the trees or on 
eone.s. Since the fruiting bodies usually appear only after the leaves or 



1943] 


Waterman: Diplodia Pinea Infection op Pines 


1021 


twigs have been killed by the fungus, most of the exsiecata and collections 
were from dead material. Prom the early records, therefore, it is difficult 
to determine the role of D. pinea as a saprophyte or a parasite. 

The earliest known reports of Diplodia pinea as the cause of a disease of 
pines were published from the Eoyal Botanical Gardens, Kew, England, in 
connection with the occurrence of infected nursery stock and adult trees of 
Fi^ms radiata and P. mugo var. mnghus at Cape Colony, South Africa (1, 
2) . In that study inoculation experiments showed that the fungus isolated 
from P. radiata Avould infect P. sylvestris as a wound parasite. A die-back 
of trees in exotic pine plantations, due to D. pinea, has been under investiga- 
tion in Australia (21, 34). Finns radiata is the most severely attacked, 
while less susceptible species include P. ponderosa Laws., P. pinaster Ait., 
P. patnla Sehl. & Cham., P. roxburghii Sarg., P. canbaea Mor., and P. coul- 
teri Don. In New Zealand tw'O comprehensive studies of the disease on 
exotic forest pines, particularly P. radiata and P. muricata Don, were made 
by Curtis (10) and Birch (4). The latter found that P. p>ondefosa, P. nigra 
poiretiana (Ant.) Aschers. and Qraebn., and P. contorta yen'. latifolia 
Wats, also were susceptible. 

In Europe various exsiecata and references to collections of Diplodia 
pinea and its synonyms indicate its wide range of distribution, particularly 
on Finns sylvestris, but its importance as the cause of disease has been men- 
tioned only occasionally. It has been reported as a dangerous parasite on 
pine in Eussia (6), on P. sylvestris dand P. nigra in Eiimania (23), and on 
P. sylvestris in Austria (27). Grove (14) stated that D, pinea occurs as a 
serious pest on leaves and young branches of Fimis (sylvestris, mugo var. 
mnghiis), ^bsouth of England, rather common, ’ ^ and that D. pinastri Grove, 
which seems to be synonymous, is rather common in the British Isles on bark, 
leaves, and cone scales of P. sylvestris, but he made no statement concerning 
the importance of this latter species as a parasite. 

In the United States the first mention of Diplodia pinea as a parasite, 
causing cankers and a dying of the needles of pine in New Jersey, was made 
by Schwarze (25, pp. 86-87) in 1917. Hedgcock (16) reported D. pinea or 
closely related species from 14 States in the eastern and central United 
States as a weak parasite often following insect or other injuries on 11 spe- 
cies of both hard and soft pine:— P. rohmata Mill., P. griffithii M-eGlell., 
F. flexilis 3 8imeB, F. muricata, F, nigra, P. pinea, P, radiata, F, resinosa Ait., 
P. rigida Milk, F. strains, and F. sylvestris. Several of these eolleetioiis 
antedate Schwarze 's publication and Hedgcock ’s notes show that the fungus 
was recognized as the probable cause of disease on P. nigra as early as 1908. 
Eeports of the distribution of the disease as indicated by specimens exam- 
ined by the writer (29, 30, 31) have mentioned its occurrence from 21 States 
on P. nigra ^ F. sylvestris, P. miigo Yav. mtighus, P. ponderosa, mid P. resn 
nosa. The disease has been reported by Lancaster (18) from Nebraska on 
p. nigra mid P. sylvestris, and by Slagg and Wright (26) on 10- to 50-year- 
old trees of P, nigra, P: ponderosa, and P. sylvestris in Manhattan, Kansas. 
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Most of these collections have been from ornamental trees, but the fungus 
has been reported by Crandall (9) on nursery trees of P. resinosa causing 
a collar and root rot and by Slagg and Wright (26) on seedlings of P. nigm 
and P. ponderosa, also on 2- and 3-year-old stock of P. nigra, P. ponderosa 
and P. sylvestris. These various collections and published reports available 
to the writer indicate that one or more instances of infection have been 
found in the following States: Maine, New' Hampshire, Massachusetts, 
Rhode Island, Connecticut, New' York, New Jersey, Pennsylvania, Mary- 
land, Delaw’are, Virginia, West Virginia, North Carolina, South Carolina, 
Kentucky, Tennessee, Ohio, Illinois, Michigan, Wisconsin, Minnesota, lowa^ 
Missouri, South Dakota, Nebraska, Kansas, and Oklahoma. It is very prob- 
able that the disease is even more widely distributed. ' 

Elsewhere in America only occasional collections and reports ot Diplodia 
pinea have been found. In Ontario, Canada, Haddow and Newman (15) 
reported the fungus as the cause of a tip and twig blight of various conifers, 
in plantations and in the natural forest, but this type of disease was of rela- 
tively slight importance. In association with the pine spittlebug, however, 
the fungus caused serious injury to twigs, branches, and stems of Pinus syl- 
re^trts, particularly on trees over fifteen years old. In South America D. 
pinea was described under its synonym Sphaeropsis pinicola from fallen 
needles of P. radiaia in Argentina (15) and as D. megalospora on needles of 
P. Jialepensis in Brazil. The collections of the fungus from the various 
countries and the literature citations just mentioned indicate that D. pinea 
is the cause of disease of more or less importance in the Western Hemmphere 
within the range of 30-50 degrees latitude both north and south, and within 
the same latitude range in the Eastern Hemisphere. 

Of the 11 species of hard pine mentioned as hosts for Diplodia pinea in 
the United States, the number and frequency of collections from Pinus nigra 
suggest Its high susceptibility (29). Pinus sylvestris and P. mugo var. 
miightis also are highly susceptible, and occasional instances of infection on 
P. ponderosa and P. resinosa have been noted. Diplodia pinea is not known 
to cause any serious disease of well-established trees of these hosts in forest 
plantations. Only one ease of infection has been reported, so far as known 

m 2 ® indigenous 

^.^the United States. Prom this it seems evident that it is the exotic pines 

(P. nigra P. sylvestris, P. mugo var. mughus) that are most susceptible 
Boyce (5) points out the fact that certain exotic coniferous forest trees are 
iiequently severely attacked by fungus diseases that are not serious on the 

sparsity of reports on the 
disease within the native ranges of the susceptible species of pines would 
.seem to indicate that Boyce’s statement may well apply to D pinea This 

Ztakn l (4), wliere the exotic species P. radiata and P. muricata are par- 
heularly susceptible. Birch (4) considers D. as "almost ubZiSiJs 
in exotic pine plantations throughout New Zealand, growing as a saprophyte 
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ill dead bark, wood, needles, cones, and general pinaceous debris’’ and con- 
cludes that it is parasitic t^ only on trees weakened as a result of unsuitable 
growing conditions.” In tke ease of ornamental trees of the susceptible 
species of pine in the United States poor planting methods and unfavorable 
soil conditions may predispose the trees to infection, but no data on this 
point are available. 

pathological effect op DIPLODIA PINEA 
Natural Infection 

The most pronounced symptom of the disease caused by Diplodia pinea 
on hard pines in the United States is the killing back of the current season ’s 
growth year after year until the tree becomes stunted and sometimes even- 
tually killed. This usually is a slow process, since most frequently the low- 
est branches of old well-established trees are first affected, and the disease 
spreads upward very gradually. If young trees are attacked the killing 
takes place much more rapidly. Very few instances are known in which 
large trees have been killed by the disease. This is due to the fact that be- 
fore the disease has progressed over the entire tree the repeated killing of 
young terminals has made the tree unsightly and undesirable as an orna- 
mental, and control measures are emploj^ed or the tree is removed. 

The fungus may attack the current season’s growth in any one of a num- 
ber of ways : by direct infection of young needles as they develop ; by infec- 
tion of the elongating shoot ; by the mycelium present in one bud of a ter- 
minal cluster spreading to the adjacent buds or into the twig as growth 
advances ; and by mycelium from a twig infected the previous year causing 
a slow weak growth that rapidly becomes invaded by the fungus. The first 
of these is observed particularly on newly infected trees. Infection in such 
cases takes place at the base of the needles and prevents their further growth 
as the mycelium spreads through the leaf tissue. A few infected needle 
fascicles may be scattered among the healthy needles of the young shoot. 
When the needles are brown and dead the fruiting pustules of the fungus 
appear at the base of the needles and even on the leaf sheaths. The pro- 
duction of the fruiting bodies progresses outward toward the tip of the 
needle. If the disease is prevalent in the vicinity and seasonal conditions 
are favorable for spore germination, more extensive infection may occur. 
On Films sylvestris the mycelium resulting from infection of the needles 
may extend from the needles through the tissue of the leaf scars into the 
twig, forming cankers around the leaf scars. Fruiting bodies soon appear 
on the twig, and the cankers increase until the twig is girdled. A slight 
amount of infection is easily overlooked and for this reason the tree owner 
usually does not realize that his trees are attacked until continued infection 
follows in successive seasons. Also the fact that the fruiting bodies do not 
appear until the needles are dead results in uncertainty in making an early 
diagnosis of the trouble. On P. mugo var. nmghus iniQQtion of needles and 
buds has been found to result in the formation of slowly developing cankers 
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at the nodes. A die-back of all twigs above the affected nodes occurs very 
rapidly. Mycelium spreading through the needles into the twigs grows 
slowly in P. nigra. Its effect is not particularly noticeable until it has 
progressed down the twig toward the node, girdling the twig and thus pro- 
hibiting the further growth of the young shoot. Dead needles with sporu- 
lating fruiting bodies may hang on these twigs for two seasons and provide 
a source of inoculum that wdll infect the new growth. 

It sometimes happens that a few needles adjacent to the bud cluster be- 
come infected late in the season, and one of these buds, usually a lateral, 
may become invaded by the fungus. Externally, the only evidence of inva- 
sion is an excessive resinosis on and around the bud. Because of the normal 
resinous condition of buds of Fimis nigra, this resinosis usually escapes de- 
tection. Sections through such a bud show partial or complete penetration 
by mycelium. The bud fails to develop during the following season, but 
the neighboring buds may begin growth normally, only to succumb when the 
needles are partially growm. Thus, in a cluster of buds, one may be entirely 
dead, another may develop into a shoot with stunted browui needles, and a 
third, usually the terminal bud, may produce a fairly normal shoot with a 
shortened internode, a majority of mature needles, a few^ stunted diseased 
needles, and one terminal bud. It is evident that the following year this 
bud may develop a weak shoot that wdll soon become infected. This type of 
infection results in the production of conspicuous clusters of browm, stunted 
needles wuth abundant fruiting bodies and an excessive production of resin 
in both twdgs and needles causing a heavy deposit of resin on the bark and 
the clinging together of affected needles in resinous masses. These symp- 
toms are the most easily recognized by the tree owuier and are considered 
typical of the disease. 

Infection of the succulent tissue of an elongating shoot may take place 
at any time in its development until the needles are about half -grown. The 
most usual period, howwer, is that prior to the emergence of the needles 
from the leaf sheaths. The needles involved in the affected tissue soon 
cease growth, turn brown, and die. Other adjacent needles may develop to 
half size but succumb to the effects of the advancing mycelium. Still other 
needles, particularly near the base of the same shoot, may attain maturity 
and retain their normal green color apparently unaffected by the fungus. 

Although the disease most commonly results in a tip blight or die-back 
of the yonng growth, other parts of susceptible pines may become invaded 
by the fungus. If a cone-bearing twug is infected, the mycelium has been 
found to penetrate from the twig into the core of the young cones, which 
then fail to develop. Fruiting bodies of the fungus are frequently abun- 
dant on the apophyses of the cone scales of large mature cones or of fallen 
cones and also on the wings and seed coats. In some cases the trees on which 
these cones form show no evidence of infection on twigs or leaves, and the 
fungus seems to be saprophytic. The writer has observed that dead seeds 
filled witli mycelium may be present oceasionally, but in most cases the 
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fungus is confined to the surface of the seed coats. Apparentlj’^ it infects 
poorly deA^eloped seeds, but is incapable of infecting normal healthy seeds. 
There is a possibility, however, that its presence on the seed coats might be 
a source of infection for young seedlings as they emerge from the ground 
bearing the seed coats on the young leaves. So far as known to the writer 
this possibility has never been tested. Slagg and Wright (26) reported 
the infection of pine seedlings 5 months after the seed was sown, but the 
source of infection w^as not determined. Birch (4) reports that tests with 
seed of Finns nigra poiretiana from Canterbury, New Zealand, and P. 
clerosa from the northwestern United States show^ed a very small percentage 
of infected seed. He believed that the fungus occurs as a saprophyte on 
the surface of the seed coats and in the interior of dead seed. 

A collar and root rot of nursery trees caused by Diplodia pinea has been 
reported by Crandall (9) on 3- to 5-year-old seedlings of Pimis resinosa in 
Maryland. Stem infection by P. pinea in 7- to 15-year-old trees of P. pon- 
derosa and P. radiata in stands in New Zealand (4) caused the death of 
trees if penetration by the fungus occurred near the ground level. A sap 
stain in southern pine lumber in the United States was attributed by David- 
son (11) to D. pinea {D.megalospora), and a similar sap stain w^as described 
by Verrall (28), as caused by an undescribed species of Diplodia, possibly 
a strain of D. megalospora. Staining of the sapwood of P. pinea from which 
P. pinea was isolated has been studied in detail by Groidanich (13) in Italy 
in timber and in living trees weakened by severe root pruning or by borers. 
In New Zealand also (4) the fungus has been found to produce a staining of 
timber from P. contort a var. lati folia, P. radiata, P. ponderosa, and P. muri- 
cat a, but living trees are not susceptible ^‘unless in advanced stages of 
disability. ” 

Artificial Infection 

In a study of tip blight and die-back of Pimis nigra, P. mugo var. 
mughus, and P. resinosa caused by Diplodia pinea, White (33) successfully 
inoculated the young growing tips of potted trees of P. miigo var. muglins 
and P. sylvestris in the greenhouse with spores isolated from infected needles 
of P. nigra. Later, Pirone (22) found by inoculation that 3- to 6-year-old 
trees of P. mugo var. mughus, P. sylvestris, and P. nigra were susceptible 
to stem infection by P. pinea, similar to that described by Crandall (9) from 
inoculations of 3-year-old seedlings of P. resinosa. Haddow and Newman 
(15) reported the successful inoculation of healthy shoots of P. sylvestris 
in the field with a suspension of spores of P. pinea from infected pine twigs 
of the same host. The inoculum was injected an inch or two below the 
terminal buds of leading and lateral shoots. Of the 30 shoots inoculated, all 
showed infection after 3 months. 

In the present study the effect of Diplodia pinea on the current season’s 
growth of 4 species of hard pine and 1 of soft pine was tested by inoculating 
young nursery trees of various ages (approximately 5-10 years) in an 
experimental plot, growing under exceptionally favorable conditions. The 
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species of pine were as follows: — Pinus nigra (trees 2'-4' in height) ; P. syl- 
vestris {2'-6') ; P. resinosa (2'-4') ; P. ponderosa ■ and P. strohus 

(l|-3'). Single-spore cultures of D. pinea isolated from needles of P. 
nigra collected at Hamilton, Mass., Southold, Long Island, N. Y., and Phila- 
delphia, Pa., and gi’own on Leonian’s synthetic medium (19), w'ere the 
source of inocula. In a few eases a loopful of freshly exuding spores from 
pycnidia in culture was used as inoculum, but in most eases immature fruit- 
ing bodies or bits of mycelium were substituted for the spores, since the 
fungus did not fruit readily in culture. The kind of inoculum did not seem 
to influence the results. Inoculations w'ere made in April, and June, 1934 
May, 1935, May, 1936, and June, and July, 1937. Because of the fact that 
the current season’s growth did not develop uniformly on all the trees a 
limited amount of growth was usually available at any one time when inocu- 
lations could be made. Therefore, in some cases, only one inoculation of a 
kind could be made on each host. The results are necessarily inconclusive 
but give a general indication of the conditions under which infection may 
take place. Whenever two or more inoculations were made on one tree, 
particular care was taken so that these should be on widely separated bud 
clusters or shoots to prevent the possibility of cross infection. The inoculum 
was applied to the trees in five different ways : 1. On the surface or at the 
base of uninjured buds early in the spring before new growth started; 
1. On buds injured by piercing the bud scales near the base of the bud with 
a sterilized needle ; 3. On the surface of uninjured leaves of the new growth, 
near the bases of the leaves when they were about 1 inch long; 4. On leaf 
sears from which the leaves of the new growth had just been removed; 5. In 
wounds on young twigs, about l"-3" above the node, made by cutting with 
a sterilized scalpel a small triangular section of bark under which the inocu- 
lum was inserted. In all cases after the inoculum w'as applied the portion 
inoculated was wrapped with moist cotton, over which was firmly tied a strip 
of heavy waxed paper. The coverings were removed 1 to 2 weeks after 
inoculation, depending upon the weather conditions and the rate of develop- 
ment^^ the current season’s growth. Controls were made to compare with 
inoculations except that no inoculum was introduced. 

^ The results, as shown by table 1, indicate that uninjured buds of Pinus 
sijlvcstns, P. resinosa, and P. ponderosa may become infected. In 3 eases 
the new growth from these buds developed until the first needles attained 
a ength of about 1 inch. Both leaves and twigs of the new growth remained 
chlorotic and stunted, soon turning brown. Early in the following spring 
the fungus was remolated from two of the brown twigs. The other infected 
wig, showing fruiting bodies the next spring, was left on the tree to deter- 
mine whether the fungus would spread farther. In the fall of the same 
.j ear, however, there was no indication that the fungus had advanced into 

cLIucT;' "“‘I fungus was 

. eiso ated Iroiu the affected tissue. Two of the inoculations made on unin- 

.juimd buds resulted in the infection of scattered needles, particularly at the 
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tip near the terminal bnd. These were left on the trees until the following 
spring, when the advance of the fungus into the twigs became noticeable. 
The one terminal bud on each of these twdgs developed only a weak growth 
and both needles and twigs of this growth became infected, the twigs being 
killed back to the nodes. In the fall they were collected and the fungus 
was reisolated. In another case of needle infection only a few scattered 
needles became infected the first season. These were left on the tree and 
slight infection of needles appeared in each of the two following seasons. 
After the second season the fungus was reisolated from infected needles. 
In the tw’-o remaining inoculations reported from uninjured buds, both of 


TxABLE 1 .' — Results of inoculations of species of Fmus with Diplodia pinea isolated 
from Pinus nigra 


Part inoculated 

Species inoculated 

Niimber of 

Inoculations 

Infections 

Buds iininjured 

nigra 

1 

0 


sylvestris 

11 

3 


resinosa 

9 

4 


ponderosa 

2 

1 

Bud scales injured by 

nigra 

1 

1 

needle puncture 

sylvestris 

6 

3 


ponderosa 

1 

1 

Leaves uninjured 

nigra 

2 

1 


sylvestris 

3 

3 


resinosa 

3 

2 


ponderosa 

1 

1 


strohus 

1 

0 

Leaf scars — ^leaves re- 

nigra 

2 

1 

moved 

sylvestris 

1 

1 


resinosa 

1 

1 


strohiis 

1 

0 

Twig wounded by slit- 

nigra 

3 

3 

ting bark 

sylvestris 

3 

3 


resinosa 

1 

1 


strohus 

1 

0 


which were made on leaders, one lateral bud in each inoculated cluster 
failed to develop, but the terminal bud put out normal healthy growth. In- 
fection in the lateral bud spread into the main twig, and in both eases cankers 
developed during the following season. These resulted in a girdling of the 
twig, killing the growth that had been produced by the terminal buds fol- 
lowing inoculation. Fruiting bodies of the fungus appeared on the cankers 
and the organism was reisolated. 

When the buds were injured by piercing with a sterilized needle, infec- 
tion took place on Pinus nigra ^ P, sylvestris, and P. ponder osa. Two in- 
stances of infected shoots, one of infected scattered needles, and two of 
infected lateral buds developing into cankers resulted in symptoms similar 
to those produced from the infected uninjured buds. On P. nigra the 
inoculated lateral bud on the leader became infected and a canker was 
gradually formed, beyond which the uninfected terminal buds put out new 
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growtli for three seasons. The following season the canker had developed 
sulBciently to girdle the stem (Fig. 1, A) and the entire top died hack. 
The fungus was reisolated from the canker, as well as from the other four 
cases of infection from injured buds reported in table 1. In this series of 
inoeiilatioiis the controls produced a fairly normal growdh, at first slightly 
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chlorotic, hut apparently the piercing of the bud scales with the needle did 
not permanently injure the growing tissue. 

Positive results were obtained from seven of the inoculations on unin- 
jured leaves. Numerous brown needles with fruiting bodies of the fungus 
were evident in the autumn following inoculation, and small cankers with 
fruiting bodies were formed on the twigs around the base of the infected 
needles. Specimens were collected and the fungus was reisolated. The 
controls in this series were chlorotic at first, soon becoming normal. When 
the inoculum was applied directly to the leaf scars from wdiich the leaves 
had just been removed, infection occurred in 3 instances, causing small 
cankers and diseased needles. The fungus was reisolated from two of the 
cankers in the autumn following inoculation and from the third canker the 
next spring. There was no evidence of injury in the controls. 

The fifth series of inoculations indicates that the fungus will readily 
infect the host through wounds. Definite cankers, with considerable resi- 
nosis on the infected needles and twigs (Pig. 1, B), as well as an abundance 
of fruiting bodies on the cankers and surrounding needles, were conspicuous 
three months after inoculation. A month later, at the end of the growing 
season, the fungus was reisolated from 5 of the cankers. The other 2 
cankered twigs were left on the trees during two growing seasons and the 
fungus was reisolated from them in the following fall. All the controls in 
this series showed normal wound healing. 

In June, 1934, mycelium from a culture of Diplodia pinea, isolated by 
Crandall from the stem of a 3-year-old seedling of Pinus resinosa showing 
collar and root rot (9), was used as inoculum in four inoculations as follows : 
two inoculations on uninjured buds of P. nigra, one on an uninjured bud of 
P. resinosa, and one on a lateral bud of the terminal cluster on P. nigra 
injured by piercing with a sterilized needle. Positive results were obtained 
from the third and fourth inoculations. Prom the uninjured infected bud 
the new growth developed only partially, with leaves and twig soon turning 
brown. In the following spring fruiting bodies were abundant on the twig 
that was killed back to the node, but the fungus spread no farther. In the 
fall the fungus was reisolated from the diseased tissue. In the fourth 
inoculation, infection of the injured lateral bud resulted in the formation of 
a canker at the node. The fungus did not spread beyond that area, how- 
ever, and was reisolated in the spring of 1938. 

summary 

The disease of hard pines caused by Diplodia pinea (Desm.) Kickx 
{Sphaeropsis ellisii Sacc.) is widely distributed in the United States and 
has also been reported from various countries in both Hemispheres within 
the latitude range of 30 to 50 degrees both north and south. In the United 
States the exotic hard pines, Pimis nigra, P. sylvestris, and P. mtigo var. 
mugJius, are the most susceptible, but the fungus occurs occasionally on eight 
other species of hard pine. The disease has not yet been known to cause any 
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extensive injury in forest plantations but frequently it is of considerable 
importance on ornamental trees. 

Tlie killing back of the current season’s growth of ornamental trees for 
several successive seasons results in the weakening of the trees and some- 
times in the death of entire trees. The disease may attack the new growth 
in any one of a number of wmys : by direct infection of young needles ; by 
infection of the elongating shoot; by infection of one bud of a terminal 
cluster from which the mycelium spreads into adjacent buds or into the 
twig ; and by spread of mycelium from a twig infected the previous year. 

Inoculations were made in an experimental plot on young trees of Pinus 
nigra, P. sylvesfris, P. resinosa, P. ponderosa, and P. strobus using as inocu- 
lum mycelium or immature fruiting bodies produced in single-spore cul- 
tures of Diplodia pinea isolated from infected needles of P. nigra, and from 
stem cankers on P . resinosa. Positive results were obtained from the inoeu- 
latioiis of uninjured buds of Pinus sylvestris, P. resinosa, and P. ponder osa; 
ot injured buds of P. ntgra, P. sylvestris, and P. ponderosa; of uninjured 
leaves of P. nigra, P. sylvestris, P. resinosa,, and P. ponderosa; of leaf sears 
of P. ntgra, P. sylvestris, and P. resinosa; of twig w'ounds of P. nigra, P. 
sylvestris, and P. resinosa. 

The results of the inoculations indicate that Diplodia pinea will infect 
healthy actively gTowing tissue of buds and leaves but will infect more 
readily through wounds. 

Division op Forest Pathology, Bureau op Plant Industry, 

Soils, and Agricultural Engineering, Agricultural 
Eesearch Administration, 

U. S. Department of Agriculture, in cooperation with 
Osborn Botanical Laboratory, 

Yale University, New Haven, Conn. 
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STUDIES ON THE MORPHOLOGY, PHYSIOLOGY, SEROLOGY 
LONGEVITY, AND PATHOGENICITY OP CORYNEBAC- 
TERIUM SEPEDONICUM 


S . F . S N I E S Z K 0 1 AND R E I N E E B 0 N D E 2 
(Accepted for publication, February 11, 1943) 

INTRODUCTION 

During- the study of ring rot of the potato in the United States and else- 
where during the last few years, a number of interesting and heretofore 
unreported properties of the causative organism Coryne'bacterium sepe- 
doHicum have been described. The main contributions to the knowledge of 
the nature of the disease and of the biolog-y, morphology, cultivation, and 
systematic position of the ring-rot organism have been reported by Bonde 
(1, 2, 3), Dykstra (7), Eddins (9, 10), Raeicot et al (15), Savile and Raeieot 
(16), Skaptason and Burkholder (17), and Stapp (20). 

However, certain improvements still could have been made in the eul- 
tuial metliods and in the methods of determining the physiological proper- 
ties of the organism. More information also has been needed regarding the 
serological properties, the viability and the virulence of this bacteriunn 

MEDIA AND CULTIVATION 

In or on any y the media recommended for the cultivation and isolation 
of CoiynebacteniiM sepedonicwni, this organism grows relatively slowly 
At the optimum temperature (22-25° C.) colonies clearly visible to the un- 
aided eye appear in 8 to 12 days. This is a rather long time, and a short- 
ening of the incubation period needed for the isolation or growth of C sepe- 
donkmn seemed very desirable. After many old and new media were tried 
one was found that was particularly satisfactory. The composition of this 
medium (“4-d”) was as follows: 

Bacto peptone 3 

'' tryptose 3 

yeast extract 3 

Dextrose 3 

Distilled water 1 

pH 7.0 

It was found later that maltose, and to a certain degree lactose, also sup- 
ported the gn-owth of C. nepedomcum, without any appreciable lowering of 
the pH ot the medium during incubation wliieh may accelerate the death of 
t he bacteria Therefore dextrose has frequently been replaced with maltose 
(medium 4-m ) . In the routine work “bacto technical maltose, " as less 
('xp.-iisive, was used in place of maltose C.P. For prolonged cultivation, as 

- .sodato 1 lant I lithologist, Maine Agrieulturai Rxporiiiic’nt Station. 
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in stock enltures, one third of the maltose has been replaced by lactose 
(medium ^^4-m-r’)? inasmuch as lactose also was found to be utilized 
slowly by C. sepedomctm with very slow and moderate lowering of the 
pH of the medium, even after several months of cultivation. Growth on 
medium ^^4’^ (without any available source of carbon also is relatively 
fast, but scant in volume. 

Experience has showm that stock cultures, maintained at room tempera- 
ture, survive much longer in a liquid medium than on a solid one. Agar 
slant cultures, 6 weeks old, contained only a few viable cells, while 6-month 
cultures, maintained on the 4-in-l medium, usually gave luxuriant growth 
on fresh medium. Milk and litmus milk also were found to be suitable 
media for stock cultures. 

Potato- or carrot-extract media gave various results for Spieckermann 
and Kotthoff (19), Stapp (20), and Savile and Eacicot (16). We have 
found that potato and carrot extracts are quite satisfactory as media, even 
wdthout additions, provided the pH is adjusted and maintained at about 7.0. 
Some extracts are too acid to obtain any growth without an adjustment of 
the pH (16). 

The isolation of Coryne'bacterium sepedonicimi from infected tubers or 
stems of potatoes is quite easy on any of the recommended media. On some 
media, how^ever, like the 4-d or 4-m, the growth is so accelerated that the 
time necessary for colonies to develop large enough for satisfactory isolation 
is reduced from about 9 days to only 5. It has been reported that on the 
medium recommended by the laboratories of the U. S. Department of Agri- 
culture (7) growdh is also fast and abundant. The preparation of this 
medium seems, however, to be somewhat more complicated than that of the 
one here described. In plate I, figs. 1-5, are presented photographs of 10- 
day-old cultures on some of the tested media. 

If the tubers are already invaded by soft-rot bacteria, isolation is often 
virtually impossible because Coryne'bacterium sepedonicum is overgrown by 
rapidly and abundantly growing colonies of Erwinia carotovora or similar 
soft-rot organisms. It has been found in preliminary experiments that the 
addition of separately steam-sterilized sodium dichromate to the sterile 
medium 4-m~l in concentration 1 : 20,000 completely inhibited the growdh 
of E . carotovora, wdiile C. sepedonicum grew only slightly less abundantly 
than on the medium without sodium dichromate. The addition of sodium 
diehromate made it less difficult to isolate G. sepedonicum from tubers in 
an advanced stage of decomposition due to secondary invasion by the soft- 
rot organisms. On agar plates with medium 4-m-l alone, colonies of the 
bacteria causing the secondary infection w-ere found to be present in vary- 
ing numbers, but no colonies of C. sepedonicum appeared (PL I, fig. 7) . On 
the same medium with the addition of sodium diehromate 1 : 20,000 colonies 
of G, sepedonmtm dippesixed in considerable numbers in most of the tested 
cases (PI. I, fig. 6). The size of the colonies and the speed of their growth 
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tnent agar plate. Fig. 2. Potato -extract agai* plate with the addition of peptone, 
asparagine, and dextrose, pH 6.8-7.0. Fig. 3. Potato-extract agar plate, pH 6.8-7 .0. 
Fig. 4. ^ Medium No. 4-d agar plate, colonies of the ' ^ rough type. Fig. 5. As figure 
4, colonms of the ^tymooth^^ type. Fig, 6. Medium 4-m-l agar plate inoculated with 
aseptieally removed and macerated tissue of a potato tuber with the symptoms of late 
ring rot with the secondary symptoms of advanced soft rot, 
dichromate in concentration 1 : 20,000. - - - 

few large colonies of soft-rot organism. Fig. 

out sodium dichromate. Inoculated with the same material as in figure 6. 

C. sepedonicum absent. Colonies of soft-rot ’ 

4-m-l agar plate wi ’ ’ 

Inoculated with aseptieally removed and macerated tissue of 
symptoms of ring rot without any secondary infection, 
numerous but small. FiG. 9. 
mate. Colonies of C. ftepedonicum w( 


Medium contains sodium 
Colonies of C. sepedonicum fairly numerous with 
7. The same as figure 6 but medium with- 

Colonies of 

- - organism numerous. Fig. 8. Medium 
ith the addition of sodium dichromate in concentration 1: 20,000, 

.w V.J a potato tuber with early 

V 1* Colonies of C. sepedonicum 

. ^ I IG. 9. The same as in figure 8 but medium Avithout sodium dichro- 
^ell developed. 
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were less on tlie mediiim with dichromate than on the control medinin with- 
out it (PI. I, figs. 8, 9). This fact would indicate that at least a large pro- : 

portion of the secondary invaders overcrowd not only because of greater 
numbers and faster growth but also because they exert a toxic effect on the ^ 

C. sepedonicum. This toxic effect, however, apparently could be checked 
in the medium by the addition of small amounts of sodium dichromate. 

Snyder and Lichstein (18) found that sodium azide is a bacteriostatic 
agent for Gram-negative bacteria, and Mallmann, Botwright and Churchill 
(14) demonstrated that both of the slowly oxidizing substances, namely, 
sodiiim azide and potassium dichromate, will inhibit the growth of Gram- 
negative bacteria and permit Gram-positive ones to grow. Wight (23) ;^l 

found that among various recommended slowly oxidizing agents, sodium 
dichromate had the wddest range of growth inhibition for many Gram-nega- ^ 

tive bacteria. 

THE UTILIZATION AND FERMENTATION OP VARIOUS SOURCES OF CARBON 

While cultivating various strains oi Cory neMcternmi sepedonicum on 
media containing added sugars, it has been observed frequently that these j ! 

media were distinctly acidified. Spieckermann and Kotthoff (19), who first 
studied the utilization of various sources of carbon by C. sepedonicum, found 
that very little, if any, acid was produced from the various sources of carbon, 
and that litmus added to the media remained unchanged in color. Stapp 
(20) made no mention of any acid production from various carbon sources 
by this organism. Because a difference was found between the reports of 
these authors and our own observations, a more detailed study was under- 
taken regarding the utilization and fermentation of various sources of 
carbon. , | * I 

Medium 4 was used as a base, having no carbon sources added, as previ- 
ously stated. A solid medium was prepared by the addition of 2 per cent 
of agar. Brom-thymol-blue, as the pH indicator, was added to the medium 
in the concentration of 0.002 per cent. The reaction of the medium was ad- 
justed to approximately pH 7.0. Carbon sources were added in the con- 
centration of 0.5 per cent. Those that would decompose in the autoclave 
were sterilized by filtration and added aseptically to the medium. Com- 
parative observations were made on the cultures growing on solid media 
and in liquid media. Ten strains of C. sepedonicum were used, some several 
years old and the others isolated a few months or weeks before. Because 
the organism grew slowly, the fermentative changes in the medium fre- ^ 

quently appeared very late. 

Among all the tested sources of carbon (Table 1) it was mainly the mono- 4 

saccharides that were fermented readily with distinct acidification of the 
medium. A medium containing dextrose was acidified faster when in the 
form of agar slants than as a liquid. The pH of the agar slants reverted li 

within 20 days from 6.0 to 6.5 to 7.0, depending on strain. The pH of the 
liquid medium with dextrose remained near the 6.0 level until the close of 
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Hu' pxperiitieiit, or 50 days. A medium containing sucrose underwent nearlv 
the .same pH changes as the medium with dextrose. Maltose and lactose 
also, were fermented, but more slowly; liquid media containing these su-ars 
became atud within 50 to 80 days from inoculation, and in 100 to 130 lavs 
tlie acidity of the media gradually diminished. Of the alcohols tested man- 
was fermented; the result was the production of acid in liquid 

fermented only by the growth 
i within 30 to 40 days 
change of pH occurred suddenly due to the 
• with the sudden development of 
colonies on agar slants. In the 
saliein the pH changes were less pronounced. 

• were variants that were able to 

■rowth was scant, the same as on the cheek 
50uiee added. The secondary growth was 
nedia containing any of the readily utilized 
The two eonsemdive transfers from the secondary eol- 

failed to result in the accelerated f ernien- 

to the fact that the fermentative adaptation was 


liitol alone 

UK'dinm within 40 to 50 days. Saliein Was f 

the sccimda ry colonies, which regularly appeared 

ol iiieubation. The resulting ( ’ 
pi'esenee of an adaptive enzyme together 
pnite luxuriant growth of the secondary 
liquid .medium containing j ’ 

It appeared that the secondary eolonies 
ntiliz(‘ sali(*in. The primary 
uiedium without any carbon 
abount as abundant as on the 
sources of carbon, 
ouievs to i’resh medium with sal 
tat ion of saliein point in 
only temporary. 


GROWTH AND VIABILITY 

Particularly interesting ^ ' .. 
k with the addition of laemoid 
seeiitive days, tested for sterility 


IN LITMUS MILK 

was the type of gi^owdh in litmus milk, 
mdicu w^as sterilized in live s 
, , * , . - . inoculated with varioiiQ 

)Xt rr 4 o"f .and incubated at approxir^ 

^ the first 40 days o.f the incubation the 
reduction of the litmus for about 1 cm 
Between 40 and 60 days after inoc 
also s(*rologlcally atypical, reduc 
medium, and developed a transpai 
mi the top. Up to the end of I® 
oecnrpcd, except for the slow widei 
viscid and gelatinous, reminding i 
media. It apparently reduces the 
rated less than half as fast as ( ’ 
sueh a zone is prodtieed in milk by 
and mycobacteria, and is one of the - — 
irt ics of those microorganisms. The milk 

fmimi ft' *?«’atmous serum zone 

found to be normal and not coagnilated, 

«m be osed sucemfully for the maim 
mneurn. Litmus remained reduced f 
tures of this organism left undisturbei 

the ctilttir^g in which 


only sign of growth was the 
from the bottom of the test tube, 
n, all strains, except one that was 
inns completely throughout the 

e lo^ , 1 2 cm. deep 

ot _ 130 days of cultivation no other changes 

widening of the serum zone. This zone was 
mg one of the vaseline seal used on anaerobic 
■ r® y^Poration of the milk, which evapo- 
other liquid media. Jensen (13) found that 
- -/ various saprophytic soil eorynebaeteria 
very important differential eharacter- 
underneath at first appears coagu- 
is removed from the top, it is 
It has been found that litmus milk 
lance of stock cultures of 0. sepr- 
at lea.st 8 months in the milk cul- 
it room temiieraturc. I„ some of 
in zone was broken up by .sliaking, 
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the litmus became oxidized. Transfers made sometime later from the milk 
cultures in which litmus was reduced gave very abundant growth, w^hile 
transfers from cultures in which litmus became oxidized gave no growth, 
or reproduced only very few cells. It also has been found that when the 
number of viable cells of C. sepedonicum in litmus milk culture begins to 
decrease, the oxidation of the litmus in the top layer of the medium takes 
place. This is the best indication that the stock cultures should be trans- 
ferred to a fresh medium. Stock cultures maintained in the liquid medium 
(with lactose) survived nearly as well as those in litmus milk, while 
in liquid medium 4-m (with maltose) less than half of the strains survived 
during the same period of time and under the same conditions. 


SURVIVAL IN THE SOIL 

There is a question whether or not Corynelaciermm sepedonicum can 
suiwive the winter in the soil. Most American authors, Bonde (2, 3, 4), 
Bddins (9 and 10), Eide and Eose (11), Yaiighn and Leach (22), Dykstra 
(7) and Dykstra et al. (8), claim that 0. sepedowicum cannot overwinter 
in the soil. This conclusion has been based on the fact that potato seed 
pieces free from ring-rot infection, planted in soil in which infected plants 
formerly were grown, gave a healthy crop. Stapp (20) found that C, sepe- 
donicimi left buried in the field in soil, after inoculation on sterile media and 
introduction into sterile soil, survived from November to May. In our ex- 
periments pure cultures of C. sepedonicum were added to sterile samples of 
Caribou and Washburn loams. These samples were placed in 24 one-quart 
glass jars with glass tops and rubber gaskets; 400 g. of air-dry soil was 
put in each jar. To each alternate sample 10 g. of po'wdered calcium car- 
bonate was added. The preparations were then sterilized for several hours 
at 20 pounds pressure and inoculated each with 25 ml. of a water suspen- 
sion of C. sepedonicum. The amount of sterilized water then added to vari- 
ous jars varied from 25 to 100 ml. per jar. The jar clamps were closed and 
the jars placed in clay drainage tiles that were buried in the field at 
Aroostook Farm at a depth of eight inches beneath the surface of the soil 
on October 28, 1941. Upon removal in May, 1942, the soil in the jars was 
tested bacteriologically. Of the 24 jars buried in the soil, 15 were found 
to contain soil contaminated with various Gram-negative bacteria, which, 
being also non-spore-forming, obviously had penetrated the jars past the 
xmbber gaskets (the jars not being vacuum sealed). The soil in 4 jars with 
Caribou loam was sterile, even C. sepedonicum was absent The soil in 5 
jars contained C, sepedonicum alone. Those 5 jars yielded cultures that 
were all identified as C. sepedonicum on the basis of their morphological, 
biological, serological, and pathogenic properties. The reisolated strains 
were tested in regard to their virulence and were found to be pathogenic 
causing typical ring-rot symptoms when used for inoculating potatoes. To 
4 of these 5 soil samples calcium carbonate had been added. No definite 
influence or soil type or of water content of the soil “was noticed. 




More details in text. 
^ pTI not determined. 
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Data presented in table 2 sliow that those cultures of Corynebacterium 
sepedonicum reisolated froin soil and agglutinated by the specific aggluti- 
nating serum gave high incidence of infection. Those that did not agglu- 
tinate were very slightly or not at all virulent. 

This experiment is in agreement with the results obtained by Stapp 
(20); the fact, however, that Corynelactermm sepedonicum was isolated 


TABLE 2 .- — Fathogenicity of Corynebacterium sepeclonieum reisolated from soil 
overwintered in the fieUF 



Cultures reisolated from soil samples 

Infection 

occurring 

No, 


Fer cent ' 

10 

Morpliologieal, biological and serological eliaracteristics 

'90 

11 

typical for G. sepedonicum 

40 

18 


100 

■ 20 


50 

21 


100 

6 

Alorpliologieal and biological eliaracteristies typical, but 

0 

14 

serologically atypical 

10 

22 

Alacerated tissue of the potato tuber with symptoms 

10 


of ring rot 

100 


^ Pure cultures of Corynehacterium sepedonicum were added to sterilized soil in 
Mason jars. The jars containiug the cultures were placed in clay tiles submerged in 
the field and then covered witli eight inches of field soil. Tin? ^mltures remained in the 
field from October 28 until May 25, and were then removed and taken to Orono where 
the organism w’as reisolated and grown on artificial media. 

from none of the contaminated jars would suggest either that G. sepedonC 
cum cannot survive long in the soil in the presence of other bacteria, or that 
the isolation of C. sepedonicum from a mixed bacterial flora was not pos- 
sible due to the overcrowding of C. sepedonicum on the agar plates during 
the attempted isolation. This finding would be in agreement wutli the re- 
sults obtained in Minnesota and presented by Dykstra (7), who reported 
that C. sepedoiimim in nonsterile soil survived for a shorter time than in 
sterile soil. Data presented in table 3 also indicate that the ring-rot organ- 
ism dies off faster in badly disintegrated tubers in which secondary invaders 
are present, than in tiihers containing C. sepedonicum in a pure state. 

Another indication that Corynehacterium sepedonicum cannot survive, 
long in the presence of certain other microorganisms was obtained ■when a 
number of badly disintegrating potatoes were tested mieroscopically and cul- 
turally for the ]3resence of the ring-rot organism. In all of the tubers tested 
C. sepedonicum was found to be present in ]^r*eparations stained with the 
Gram method. Secondary invaders also were seen in the preparations in 
varying ninnlxTS, hut the amount of C. sepedouicum was always vastly pre- 
dominant. On tlie medium 4“m~~l agar ])1ates, with the addition of sodium 
dieliromate 1 : 20,000 and without it, C. sepedoidcum gr<uv only in few cases, 
these being on the medium with tlie di(4iromate. The number of (H)lonies of 
the contaminants on the medium with the dieliromate was always moderate 
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aiul iK)t siiflipierit to suppress entirely, the gTowth of C. sepedonimim. This 
experiment, togetlier with the infection experiments and the results reported 
hr Dyksti-a (7), would indicate that C, sepedo^muni dies quickly in the 
irreseiiee of other microorganisnis. 

'PARLE '^^Thc effect of aging of ring-rot inoculum on its patliogenicUy^ 


Stiadies condueted in the greenhouse. 


EXPERIMENTS ON VIRULENCE '■ 

On January 29, and July 1, 1942, cut potato seed pieces of the Green 
^Mountain variety, wdiich was found by Bonde et aL (5) to be very suseep- 
ti!>le, were inoculated and planted. The inoculiiin was 10 sti^ains of Coryne- 
hacteriwm sepedonieiini, one half isolated in September of 1942 and the 
other half during ]94(). Cultures grown 22 days on the solid medium 4~m 
W’ere washed off with water to form suspensions in -which the cut potato 
seed pieces were dipped shortly before planting. Potato plants were grown 
in a greenhouse at Presque Isle at the average temperature of 65° C. Ob- 
servations were made oji April 23, May 17, and September 11, 1942, and 
-were based on the presence or absence of external symptoms of the disease. 
The results indicate (Table 4) that the cultures of C. sepedonicumj main- 
taiiiet! for longer periods on artificial media, were losing their virulence 
markedly. 

Between the results described in the two tests of table 4 the lapse of time 
was (> months. It shows that all the cultures were losing their virulence 
markedly, even in such a short period. ■ This fact may explain why certain 
workers have not secured successful results from inoculation with the .cul- 
tures grown for a longer period on artificial media. 


SEROLOGICAL EXPERIMENTS 

Two rabbits were immunized by repeated weekly intravenoii 
of siispensions of C^fynehaeierium sepedomenm. No pathog 
were noticed in the rabbits, even after injeeiing into them lar 
the living bacteria. The agglutinating sera obtained, as in ' 

ii(‘nr!y all Omm-positive baetem, bad low titre, namely: 


I,iioeulat'ion 

number 

Material used as moeulum 

Seed pieces 
inoculated 

Infected 
plants re- 
sulting 
from in- 
oculation 



Kum'her 

Fer cen t 

1 

Control. Macerated ring-rot tubers used im- 
mediate! v for inoculations 

10 

100 

o 

i As No. 1 but stored 13 days 

10 

0 

■i. 

, Rodiy (liHiutograted ring-rot tuber macerated 
hi sterile water, used immediately for iii- 
i oculatiou 

20 ' 

0 

4 ; 

I Control, Mai-erated not disintegrated ring-rot 
j tubers used immediately for inoculations 

20 

70 
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Serum 1. 1: 40 complete agglutination 
1 : 80 partial agglutination 

Serum 2. 1:5 complete agglutination 

1 : 10 partial agglutination 
1:20 partial agglutination 


TABLE 4 . — Pathogenicity of strains of Corynehacterimi sepedonicum^ 


Strain number^ 

Infection occurring® 

First test^ 

Second test® 

2 

Per cent 

90 

Per cent 

10 

4 

0 

20 

8 

0 

0 

8a 

10 

0 

10 

80 


11 

90 

20 

12 

90 

0 

13 

100 

40 

14 

100 

70 

15 

100 


Control j pulp from infected potatoes 



smeared on seed pieces 

70 

100 

Control ; water contaminated with, bacteria 



from infected tubers 

87 

100 


^ These strains had been studied also regarding their morphological and physiological 
properties. 

^ Strains 2, 4, 8, 8a, and 10 are older strains isolated by Bonde in 1940. Strains 11 
to 15 were isolated by Snieszko in September, 1941. 

® Ten freshly cut seed pieces of the Green Mountain variety were inoculated for each 
test by being dipped in water suspension of the bacteria and then planted immediately in 
the greenhouse. The bacteria were grown on agar in ^ ‘ French square ’ ’ bottles, and the 
bacteria from each bottle were suspended in 200 cc. of tap water. 

^ The seed pieces were inoculated January 29, and the symptoms on the plants 
recorded May 17, 1942. 

® The seed pieces were inoculated July 1, and the symptoms noted September 11, 
1942. 

All 19 strains of Corynehacterium sepedonimm isolated in the course of 
the last few years were tested. The test was made with the saline suspen- 
sions of the bacteria with an addition of 0.3 per cent of phenol. All tests were 
incubated for 48 hours at 25° C. The results were recorded after 12, 24, and 
48 hours. The tests were actually completed within 12 to 24 hours, so that 
further incubation was proved to be superfluous. All suspensions were 
checked with the pure saline, normal rabbit and sheep sera, and the rabbit- 
agglutinating sera against entirely different bacteria belonging to the genus 
Salmonella. 

None of the tested strains of Corynelacteriiim sepedaniemi agglutinated 
with the physiological saline solution alone, two strains (7 and 8a) agglu- 
tinated with normal and heterologic sera, and one (No. 16) was not agglu- 
tinated by the specific sera. One strain (No. 4) was agglutinated by serum 
No. 1 in dilution 1 : 10 but not by serum No. 2. Strains 8a and 16 -were 
somewhat atypical in their other properties also. The rest of the strains 
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Hated approximately up to the titre of both sera. This would 
indieate that C. sepedonmim forms a cpiite luiiform serological group, and 
that the agglutination test may be used for the identification of this bae- 
teriuiiL 

Tipograf (21) described a serological method of diagnosis of the ring-rot 
organism. The description of the method found in an English abstract 
^‘does not seem reasonable,’’ according to Burkholder (6). The vascular 
tissue of tlie potato tuber in the advanced stage of infection is filled with 
Cotinuhactcrium sepedonkum and, therefore, it could be used as an antigen 
ill the agglutination test. The tests made with the available sera did not, 
liowever, give any pi’omising results, because in a macroscopic agglutination 
test fiocmiles of tissue could not be distinguished from the agglutinated bac- 
teria. in the microscopic agglutination test the differences between the tests 
and controls were so insignificant, if indeed there were any, that the test 
appt'ared to have no value. 

fsrailski and Artemieva (12) recommended as reliable the precipitation 
test fm* tile diagnosis of tomato plants infected by Conjnehactermm michi- 
(jitiiinHc, However, the preliminary precipitation tests, which we made 
with the (‘xtraets of 0. sepedonkum, gave negative results. 

TERUINOLOGY AND SYSTEMATIC POSITION OP CORYNEBACTERItJM 
HEFEDONICXJM. (SPIECKERMANN AND KOTTHOPP) JENSEN 

Jeiismi (13) suggested that the bacterium causing the ring rot of potatoes 
should he elasified as a (krynebaetermm. Skaptason and Burkholder (17) 
found that it ^Mias all the cliaracteristics of a Corynelaciermm/^ A study 
of the morphological and physiological charaeteristies of the bacteria, iso- 
lated from potatoes affected with ring rot, also has convinced the writers 
that the most proper systematic position of this organism is in the genus 
Corij}u bacterium. It has been found that the growth in milk is very typical 
with the ])r()(liiction of the gelatinous serum zone that is considered by 
Jensen (13) to he an important characteristic. The only difference, a very 
insignificant one, between the properties of the strains of G. sepedonicum 
in our description and the description given by Stapp (20) is that none of 
our strains liquefied gelatine, while some of those freshly isolated by Stapp 
liipiefied it slightly. Spieckermami and Kotthoff (19), on the other hand, 
did not find any liquefaction of gelatine. 

The evidence at hand and the descriptions given by other authors support 
tlie view that the organism causing the ring rot of potatoes should be classi- 
fied as Vonjnebaetermm sepedomeum (Spieckermami and Kotthoff) Jensen. 


SUMMARY 

A new medium is recommended for the isolation and euitivation of 
Gorymbmierinm $epedmkum. As nitrogen sources this medium contains 
Biicto peptone, Baeto tryptose and Bacto yeast extraid, and as carbon 
Himmm. dextrose, msltoaa, and occaBioimlly lactose. 
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For the maintenaiiee of stock caltiires, liquid media are more suitable 
than agar media. Litmus milk is a splendid medium for identification and 
for the cultivation of stock cultures. 

The best sources of carbon are monosaccharides such as arabinose, xylose, 
dextrose, galactose and levulose; rhamnose is not utilized. Disaccharides 
are utilized more slowly. Among other sources of carbon, mannitol is the 
best. All sources of carbon which are utilized are decomposed with a slow 
and sometimes only temporary increase of the acidity of the medium. 

The new medium with the addition of sodium dichromate in concentra- 
tion 1 : 20,000 can be used for the successful isolation of G. sepedomcum 
from potato tubers having symptoms of soft rot due to secondary infection 
Erwima mroiovora. 

Pure cultures of C. sepedonicum when added to sterile soil and left 
buried in the ground during the winter survived and retained their viru- 
lence. 

Cultures of C. sepedonicum, if maintained on laboratory media, grad- 
ually lose their virulence towards potatoes. Infection experiments in which 
macerated ring-rot tubers were stored for 13 days before inoculation gave 
negative results. Also, badly decayed tubers of ring-rot potatoes were not 
infectious. 

C. sepedonicum is w^eakly antigenic for rabbits, producing agglutinating 
sera with low titre. All tested strains of C, sepedonicum were cross-agglu- 
tinated approximately up to the titre of all sera. 
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ACUTE AND CHRONIC SYMPTOMS IN TOBACCO MOSAICS 

H. H. McKinkeyi and E. E. Clayton 
(Accepted for publication April 30, 1943) 

INTRODUCTION 

111 tlie tobacco mosaics the disease reactions are not iiniform in all leaves 
of a given pilant. In 1929, McKinney (4) reported and illustrated the 
striking chlorotic reaction, referred to as the oak-leaf” pattern by later 
workers. This appears in tobacco leaves advanced beyond a certain stage 
of development at the time of inoculation with a yellow-mosaic mutant from 
the virus of tobacco common mosaic. In 1932, Holmes (3) reported 5 symp- 
tom reactions in tobacco plants infected with the tobacco common-mosaic 
virus. 

Studies on the ring-spot disease of tobacco led Valleau (13) and also 
McKinney (5) to take the view that the disease manifests an acute pliase 
and a chronic phase, and that the so-called acquired iminunity in this disease 
may be regarded as tiie chronic pliase. McKinney (5) took the position 
that in the tobacco ring-spot disease, the low level of symptom expression 
in the chronic phase refietds natural resistance in the host. Pursuing this 
working hypothesis further, it became evident that the ring-spot virus is 
essentially a mosaic virus wlien it is studied in a more susceptible host (8). 
Accordingly, it was concluded that sympitom reactions with tobacco mosaics 
should be reassessed, as many observations over a period of years indicated 
that acute and chronic disease reactions obtain in certain of these diseases 
also. Results of recent experiments on tins point have been summarized by 
the writers (8). 

This paper deals chiefly with the succession of symptoms occurring in 
the natural course of a yellow mosaic in tobacco ; it gives also certain results 
of similar studies on common inosaie. 

MATERIALS AND METHODS 

The host plants used were Sanisiui (Turkish) tobacco and one Pi hack- 
cross generation {Nicothina fahaciimxN, longifloraxN. taiacum). The 
viruses used W’ero wild-type common-mosaic virus (Nicotiana virus 1) (6), 
yellow-mosaic mutant virus (6), and a yellow-mosaic virus (white- 

mosaic virus) (7) obtained from AV. D. Valleau. 

Except when otlicrwise stated, the inoculations were made with fresh 
native virus exti*act on a small amount of cotton inserted into the axil of 
a leaf near the base of the stem by means of a needle. 

Tests have Imnx carried out during all parts of the year, hut the rt'sults 
summarized in figures 1, 2, and 3 are from tests conducted in a greenh(Mis(^ 
during late summer and early autumn. Temperatures were lield as near 
22.5° 0. as possible, hut day temi)eratures usually were higher, as bright 

1 Acknowledgment is due Maitlnnv Koenun* for aasistance in eemdneting the tests. 
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clays prc^vailed duriog the test. Plants were gTowii in eartlieii pots of ample 
size. A eoin|)osted soil was used through out. 

Throughout the paper^ the term amiie reaction denotes severe chlorosis 
and or earl\^ death of the diseased tissue. The term chronic reaction de- 
notes invaded tissue that may or may not express obvious symptoms, death 


Fio. 1. Pnigrams of maturo leaves of virus-infected Sainsun (Turkish) tobacco 
nutid>ere<l from !)aBe of plantt to show the progressive appearance of the several symptom 
types in each leaf. Where two or more symptom types occur on the same leaf, their 
approximate boimdarleH are indicated by a line. The 7 symptom types are lettered 
A to (i in the approximate order of their appearance. All leaves were made of uniform 
Hixe in the diagram for convenience, but aetnally they were of different sizes as shown 
by the curve for mature, leavt^s in figure 4. The symptom types are described on pages 
104.1 and 1050. Ltnif numbers correspond with those in iigures 2 and 5. 

(d tissues following ehiorasis only after a long delciy or under environineiitHl 
eotiditions that are more extreme than tlmse obtaining for the expression 
of aeiite reacdions in the same plant. 

'smvvm 

Yellow Mosaic 

In KamsMii toliaeeo plaitiiof moderate size the symptcmiH of yellow mosaic 
tire Hiiiiiinarized grtpliitally to figure 1, Type symptoms aia^ illustrated in 
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figures 2 and 3. In figure 4 tlie lengtli of eaeli leaf in mm. at tne time of 
vein-clearing and at the time each leaf finished its growth, and the lengtlis 
of the mature leaves of a disease-free plant are graphed for comparison. 

The several degrees of disease reaction or symptom types that appeared 
in the leaves assumed 2 gradient series. Proceeding from the most acute 


Fig. 2. Leaves of Sainsun tobacco showing the types of symptoms referred to in 
the diagrams in figure 1. These leaves represent samples that correspond closely with the 
leaves diagrammed in figure 1, and the leaf numbers correspond with those in figure 1. 
Photographs were taken, jiefore necrosis appeared. 

reaction (symptom type A), one gradient proceeded up, the other down the 
stem; j)rogress being greater in the upward direction, especially during win- 
ter montlis. For sake of (H)nvenience, the entire series is divided into 7 
rather eharaeterist icj zones of disease reactions or symptom types, and let- 
tered A to G. Five types, designated A to B, inclusive, comprise the acute 
phase as follows : 
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Svmptom type A appeared first as vein clearing (faint cMorosis border- 
ing tlie small vascular bundles). This was the first sign of disease in the 
plant, and it appeared approximately 8 da^^s after inoculation, reaching its 
limits in about 8 hours, after which there was a rapid development of acute 



Pio. 4. Smoothed curves showing the length of leaves on a healthy Samsun tobacco 
plant and on a plant with yellow mosaic. The leaf position numbers correspond with 
those in ligiire 1. 


(dilorosis (s(‘vere yellowing) throughout most of the parenchyma within the 
vt^in-deartal zone. The original vein-cleared margins along the small vein- 
lets tended to remain lighi-green, producing a netted effect illustrated in 
leaf la (Kig. 2). Acute necrosis was the final symptom. This represents 
the most seveiYmTaction in the aciite phase. 
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Syiiiptoiii type B Biaiiifested no vein-clearing, but tlie developiiieiit of 
severe chlorosis and acute necrosis resembled that in type A, except that 
wide liglit-gTeen vein bands occurred along the large veinlets, as illustrated 
in leaf 16 (Fig.2). 

Symptom type C is characterized by chlorosis (severe yellowing), wliicli 
progresses from the midrib, primary, secondary, and tertiary lateral veins, 
causing the ' 'oak-leaf' pattern. Acute necrosis was characteristie (leaf 
13, Pig. 2).. 

Symptom type D developed in very young tissue at the time chlorosis 
appeared in types A and B, and as type D developed, it tended to remain 
green for a considerable period, but later chlorotic and yellow patches 
appeared and caused the mottled effect illustoted in. leaf 19 (Pig. 2). This 
reaction was followed by acute necrosis, especially in the yellow areas. 
This symptom type blends into the chronic-mosaic symptom type P. 

Symptom type E is similar to type 0, severe chlorosis occupied paren- 
chyma tissue along the midrib, primary, secondary and tertiary lateral veins, 
acute necrosis was irregular (leaf 11, Pig. 2). 

The chronic phase (typical mosaic mottling), represented by symptom 
type P (leaf 24, Pig. 2) continued in all subsequent leaves and there was 
no necrosis under minimal conditions that favored necrosis in the older 
leaves (types A to E). Typical mosaic commenced in leaf tissue that was 
differentiated near the time of vein-clearing. In growing leaves with the 
chronic yellow mosaic, the green mottled areas frequently developed "sec- 
ondary" light-green and yellow areas as described in another paper (7), 
also tlie yellow areas usually took on. a greenish color due to new cells that 
contained chlorophyll, or to the development of chlorophyll in cells that were 
devoid of it earlier. Leaves sliowing typical mosaic grew slowly and never 
reached the size of corresponding normal ones. During extremely hot, 
bright periods of mid-summer, necrosis sometimes was an attendant symp- 
tom in typical mosaic leaves that had attained about I or more of their 
growth. Necrosis in these leaves, however, is dependent on more extreme 
temperature and light conditions than it is in older leaves manifesting 
symptom types A to B, 

After the onset of typical mosaic, the young leaves tend to exhibit the 
most intense mottling in the older tissues (distal region), and sometimes, 
especially during dark weather, more than one-half of the proximal portion 
of these leaves will be free of apparent symptoms. The progress of mottling 
in these areas resembles that occurring in tissue showing symptom type D, 
except that necrosis has not been identified as an attendant symptom. 

Bymptom type G manifests mild chlorosis, which spreads almost solidly 
from the primary lateral veins, involving all parenchyma as it progresses. 
Acut(^ necrosis was not an attendant symptom; however, senility and final 
death of tissue was hastened. This may be regarded as a chronic mani- 
festalion in old leaves nearing their decline. 

fn voting plants with the 8th leaf 42 rnm. long at time of inocnlation, 
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and also in younger plants, the acute chlorotic-necrotic stage was so severe 
that many plants were killed, and those that survived were very weak. 
Death seemed to result chiefly from the complete necrosis in leaves that 
exceed 10 mm. in length, as acute necrosis did not occur in the more resistant 
small leaves or in the tip of the stem. 

Each disease reaction or sAnnptom type tended to be associated with leaf 
tissue that had reached a particular stage of development at the time of 
infection. Chlorosis and necrosis occurred in acute form in leaves that 
ranged in length from near 179 mm. to 3 mm. (Nos. 12 to 21, inclusive, Pigs. 
1 and 3) at the time of vein-clearing. Prom the curves in figure 4, it will 
be observed that leaf 12 had attained about 83 per cent of its final length, 
as computed on a basis of the corresponding leaf on a healthy control plant. 
In the writers’ abstract (8) this figure was given as 66.66 per cent. The 
former figure seems to be more nearly correct, but further study will doubt- 
less result in a change in this value as the final accuracy of such comparisons 
depends on many observations. Some of the leaves manifested 2 and occa- 
sionally 3 types of disease reaction, and each type tended to be associated 
with tissues that had reached approximately the same age in the several 
leaves. 


Individual plants show variations, and symptom types may oecupy 
more or fewer leaves than are shown in figure 1, depending on the age of the 
plant at the time of inoculation, the amount of light, and the temxierature 
after the onset of symptoms. Observations on several tests have indicated 
that the acute reactions are accentuated and hastened by bright sunlight 
and high summer temperatures and delayed and ameliorated by dark 
w^eather. No essential differences were noted between the two yellow-mosaic 
viruses used. 

In certain interspecific crosses, the sequence and expression of symptoms 
induced by yellow-mosaic viruses of the BSY type differ from the situation 
in Samsun tobacco. One Pi backcross generation (Nicotiana tabacum x 
N. longifloraxN. tabacuni) obtained in 1941 is of special interest. At 21 
to 24^ C. the plants developed primary necrotic lesions abundantly on wiped 
leaves, a semi-mild form of secondary necrosis involved the midribs and/or 
the lateral veins of the wiped leaves and a few of the chronic-mosaic leaves. 
The portion of the stem cortex in the zone of the necrotic midribs of lower 
leaves also developed mild necrosis. Typical acute and chronic symptom 
types of yellow mosaic, similar to those in Turkish, occurred in all the plants. 
The progress of the necrosis was not increased when the plants were sub- 
jected to 31° C., and chronic yellow mosaic eontinned at 21 to 24° C, until 
the plants were matured. 
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lie iiidiieed in tlie clironie diseased tissue by reinociilation with the same 
Yiriis. 

Common Mosaic 

Distinction between acute and elironic symptoms is less striking in com- 
]iion mosaic than in yellow mosaic. The progress of the symptoms was 
slower than in the yellow mosaic, and this infiuenced the number of leaves 
ill the acute phase, as well as the onset of the typical ehronie symptoms. 

Tobacco plants grown in the field frequently show necrosis in the older 
leaves when infection bv common-mosaic virus occurs during midsummer. 


Virus Assays 

Tlie present study did not include extensive assays to determine the 
progi'oss of virus in the tissues of the several symptom types. Preliminary 
assays, however, were made on certain tissues from yellow-mosaic plants, 
aud the results are summarized. 

When vein-clearing was just faintly evident in tobacco leaves 130 to 
150 mm. long, small leaves 5 mm, long and on the same plants, were removed, 
weighed, pulped in a mortar and diluted 50 times in M/10 phosphate- 
buffered solution at pH 7. This inoculum was wiped on earborundum- 
iliisted leaves on 5 Samsnn (Turkish) tobacco plants. Since all of the test 
plants developed yellow mosaic it is evident that virus had reached the very 
.small leaves by the time the first symptoms appeared in larger leaves. After 
file unset of the chronic yellow-mosaic symptoms, assays were made on (a) 
leaves ranging in length from 1 to 5 mm., (b) the proximal half of leaves 
55 to 60 mm. long and (e) the distal half of leaves used in sample (b). No 
signs of mosaic mottling were present in sample (b), but there was much 
mottling ill the tissue used in sample (e). All tissues were collected from 
the same j)iants, The samples were prepared as in the previous test and 
diluted to 10 h Each sample was wiped on 20 primary leaves (10 plants) 
of Fhaseolus vulgaris L., var. Scotia. Samples (a), (b), and (c) induced 
2.7, 20.5, and 265.7 local lesions per plant, respectively. In a test x^eported 
previously (7) there was less virus activity in chronic-mosaic tobacco leaves 
12 imn. long than in the larger leaves tested. 

When vein-cleared leaf tissue had become almost completely chlorotic, 
hut not necrotic, a comparison was made with leaf tissue at about the same 
stage of development, but with chronic-mosaic mottling. The leaves were 
from different plants. The tissues were processed as in the assays mentioned 
above, diluted to 2x10'^ and the resulting inoculum was wiped on 20 
primary leaves (10 plants) of Scotia beans. The vein-cleared (dil orotic 
Nam|)le induced 21.6 lesions per bean plant, whercTis the chronic-mosaic 
siitit|ffe ituliiced only 48 lesions per beaix plant. 
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DISCUSSION AND CONCLUSIONS 

Tile results of tliese studies iiidicate that the natural course of tobacco 
mosaic in a given plant of Samsun (Turkish) involves two major phases, 
an acute phase and a chronic phase. The acute phase comprises several 
intergrading types of expression, and all expressions tend to form an un- 
broken and natural sequence that seems to parallel more closely the natural 
growth phases occurring in the developing leaves, than it does virus move- 
ment with respect to vascular channels in relation to leaf phylotaxy. 

On the basis of the several degrees of severity of the disease reactions in 
relation to the age of the leaf tissues, it seems apparent that natural re- 
sistance changes with the growth and development of the leaf tissues, and 
that the level of this resistance, at the time the tissues become infected, tends 
to determine the type of disease reaction. 

Leaf tissues in the early stages of development and those that have 
reached maturity are regarded as more resistant than tissues in the inter- 
vening stages. Tlie chronie-mosaic phase appears in leaves that are differ- 
entiated at about the time vein-clearing becomes evident and thereafter. 
Tliese leaves become infected' when they are very smalL ' It is possible that 
the initial cells are infected when leaf differentiation takes place, as Sheffield 
(12) found virus in the primordial meristem dissected from the stem a|)iees 
of tomato plants infected with tobacco common-mosaic virus and with 
Aucnba-mosaic virus, respectively. Resistance in the young tissues may be 
due to inability to maintain a high level* of virus synthesis and/or to some 
condition that tends to retard the movement of virus. 

It is well known that leaf tissues differing in age differ also in their 
physiology ; it, therefore, is not surprising that they react differently to a 
virus. With the onset of disease, new physiological balances are set up (1, 
2, 9, 11, 15, 16, 17) that, in some eases, may influence the symptom reactions 
of subsequent tissues. Purthermore, it seems highly improbable that a 
normal physiologic balance ever obtains in infected tissues,, even though 
gross symptoms may be absent (2, 11), It is to be expected, therefore, that 
the several disease, reactions occurring tlirougliont the course of a disease 
will maintain a natural sequence .that is essentially fixed for a given host, 
virus, and environment; and that necrosis will not occur in chronic diseased 
leaves when an additional dose of the. virus already present is added. 
.Divisions op Cereal Crops and Diseases and Tobacco Investigations, 
Bureau OP Plant Industry, Soils, and Agricultural Engineering, 
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USTILAGO STRIAEFOEMIS. II. TEMPERATURE AS A PAGTOR 
INFLUENCING DEVELOPMENT OF SMUTTED PLANTS 
OP POA PRATENSIS L. AND GERMINATION 
OP FRESH CTILAMYDOSPORES" 

K . W . K E E I T L O W 2 

(Aecex:)ted for publication April 1, 1943) 


INTRODUCTION 


Observations made in 1941 and 1942 showed that many plants of Foa 
pratensis L, in Pennsylvania pastures /were infected with stripe smut Vsth 
Icigo striaeformis (Westd.) NiessL The extent of damage caused by this | 

fungus is unknown; the disease, however, apparently is widespread, since 
praetiealU’' every one of scores of pastures examined contained smutted 
plants. 

The smutted plants, compared with healthy ones, were much reduced in 
size and seemed more adversely affected by the dry, hot mid-sumnier 
weather, when many of the diseased plants apparently die. Hence, it is to . 

be expected that the heavy infestations of smut found in some pastures 
would result in considerable reduction in forage yields, particularly during 
mid-summer. 


Since stripe smut is systemic and the causative organism may possibly 
be soil-borne, one of the most promising methods of control would seem to 
be in the selection or breeding of resistant varieties. The success of a breed- 
ing program is partly conditioned by the certainty with which infection can 
be produced in susceptible plants. A serious limitation to the approach of 
this problem is tlie frequent failure of fresh ehlamydospores to germinate. 
The investigation here reported was undertaken to find, if possible, a treat- 
ment to hasten spore germination and determine the influence of tempera- 
ture on development of smutted plants. 

Examination of the literature revealed conflicting reports regarding 
germinability of the smut ehlamydospores. Liro (5), inoculated different 


grasses with the organism but made no mention of encountering difficulties 
in securing germinable spores. Davis (1), stated that collections of Usti- 
lago striaeformis ohtaineA in May from pratensis and P. deMlis Torr. 
germinated without an after-ripening period; and Fischer (3) obtained 85 
per cent germination of the ehlamydospores from a collection of IL striae- 
formis on P. pratensis from Arlington, Virginia. On the other hand, col- 
lections of smut on P. pratensis tested by W. H. Davis (2), failed to gei*- 
minate unless they were first subjected to an after-ripening period of 
110-250 days. ( {ermination of elilamydospores so treated, however, aver- 
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Panimel (6), reported that clilamydospores obtained from Phleum 
prate nse L. gerniinated readily. Pisclier (3), encotintered no diffienlty in 
germinating spores of a race of UstUago striaeformis that occurs on Agro- 
pgron trachycaidttm (Link) MaltCj and Elymtis glaiicus Buekl. Prom 
elilainydospores of this race, he obtained cultures of U. striaeformis on arti- 
fit'ial media. Kreitlow (4), recently reported a collection of smutted 
Agrostis alha L. that yielded fresh, terminable elilainydospores. Cultures 
secured from single elilainydospores growing on artificial media differed 
from those obtained b.Y Fischer. 

MATERIALS AND METHODS 

Plants of Poa pratensis^ infeated with stripe smut, were collected from 
more than 75 pastures in Pennsylvania in 1941 and 1942. All diseased 
])lants were separated into single tillers and transplanted to 4-inch pots of 
soil in a greenhouse. Chlainydospores from the smutted plants colleeted 
in eacli pasture were tested for germinability as soon as possible following 
collection. 

Mi(n'oscope slides that contained 4 parafSn •wells w^ere used in all ger- 
mination tests (4). A drop of distilled water -was placed wuthin each of 
the 4 wells on a slide and ehlamydospores of the organism were dispersed in 
the drops of water. Each slide was then placed in a Petri dish moist cham- 
ber and the ehlamydospores were incubated 16 to 24 hours at room tempera- 
ture. 

FIELD OBSERVATIONS 

Plants of Poa pratensis infected with UstUago striaeformis were secured 
from pastures in Pennsylvania as early as May 5. Diseased plants were 
easily located from early in May until the middle of June. Later a eom- 
biiiation of factors that included high temperature, reduced growdh, and 
close grazing made collecting of smutted material more difficult. After 
the advent of hot weather, leaves infected with smut curled and ■withered 
l)rematnrely. Premature drying of smutted plants may be severe enough 
to produce conspicuous patches of dead leaves. This is illustrated in 
figure 1, showing a clonal plot of Kentucky bluegrass ■with, an area heavily 
iiiiested with smut. Smutted plants maintained in pots both in a green- 
liouse and outside followed a similar course of decline. This coiidition con- 
tinued until fall, when cooler weather once more provided an environment 
more favorable for growth of bluegrass. 

Smutted plants of Poa pmtensk w^ere collected from pastures until 
November 15, when low temperatures pi'evented new growtli of diseased 
leaves and made the plants extremely difficult to locate. Nevertheless, pres- 
ence of smurtetl plants was demonstrated in the sods of the pastures exam- 
ined. Plants in sod plugs removed from parts of pastures judged free of 
the.iliHease often developed smutted shoots when the plugs were maintained 
at favoriihh^ temperatures in a greenhouse. When suspected diseased 
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plants were transplanted to a g*reenliouse for observation, many later de- 
veloped typical smutted shoots. This suggested the possibility that smut 
infection among plants of P. pratensis may be far more extensive than is 
generally realized. 

Many smutted plants succumb during periods of hot, dry weather. That 
death of smutted plants is not due to drought alone during such periods 
was illustrated by an observation made in the summer of 1942. More than 
200 pots of smutted Kentucky bluegrass were moved from inside a green- 
house to a bed of sand outdoors. Each pot containing a diseased plant 
growing ill soil was buried to the rim in sand. The plants were ^vatered 


Pio. 1. Smutted plants of Kentucky bluegrass in a clonal ];)lot in tbe nursery. 

several times daily and shaded by a greenhouse from direct sunlight a 
part of each afternoon. Nearly one-half the plants died despite adecpiate 
moisture and protection from long exposure to sunlight. There also was a 
differential response of the plants from different collections; some continued 
to grow slowly^ throughout the summer, while others succumbed after a short 
time. Although the dead plants were not examined further, it seemed pos- 
sible that they were so weakened by stripe smut as to be unduly predisposed 
to attacks by root-rotting organisms. 

INFLUENCE OP DIPPERENV TEMPERATURES ON DEVELOPMENT OF MSEABED PLANTS 

Smutted ])huds were grown at different temperatures under eontrcdied 
conditions to lest the rehdionship of this factor to the observed fluctuations 
in dev(4o])m(^nt of diseased plants. Bk)r this purpose, a refrigerated dis- 
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play ease in a greenhouse provided the necessary temperature chambers. 
The display case was divided into 3 compartments each of which was de- 
signed to maintain independent, thermostatically controlled temperatures. 
Heating elements in each of the chambers provided the higher temperatures 

wlien clesirexL 

Single tillers from each of 23 different smutted clones were transplanted 
to 4-inel pots of soil. After the young diseased plants were well established, 
a representative plant from each of the 23 clones was placed in the chambers 
at temperatures of 1.5, 10, and 32° C., and a control series of plants was kept 
at 20 to 25° Cl in the same greenhouse that contained' the temperature-con- 
trol chambers. The plants were watered twice each day and were under 
observation during 5 months. 

The smutted plants maintained at 1.5° C. for 5 months grew slowly with 
no visible diminution in amount of smut. Plants growing at 10° C. were 
vigorous and developed numerous long leaves all of which were diseased 
but remained green. The plants that were growing at 20 to 25° C. also were 
vigorous but many of the severely infected leaves turned yellow and died. 
Of the 23 smutted" clones tested at 32° C., only 14 were alive after 4 months. 
Most of the leaves, present when the plants were placed at this temperature, 
died slioitly thereafter. New leaves that emerged were long and very nar- 
row, so that the smut spores developed within small, separated sori scattered 
the lengtli of a leaf. New shoots that developed from diseased plants often 
produced leaves that showed no visible symptoms of smut infection. 

Plants that had survived exposure to 32° C. for 4 months were removed 
from the temperature chamber and placed on a greenhouse bench at 20 to 
25° Cl At that time 9 of the 14 plants displayed no visible evidence of 
smut infection. After the plants had remained at the lower temperature 
for 1 month they were again examined for smut. Only 10 of the 14 still 
survived, 4 of the smutted ones having succumbed. Of the 10 remaining 
]>lauts, 4 showed no evidence of smut; the other 6 bore 1 to several diseased 
shoots that had emerged among the smut-free tillers. When the plants 
wt‘re examined again after 3 months’ growth at 20 to 25° C., 3 plants re- 
mained smut-free. 

The results of this experiment indicate that the temperature extremes 
endured by the disease organism are similar to those endured by the host 
plant. Optimum development of the host occurred at temperatures that 
were favorable for growth of the smut organism. The critical maximum 
temperature for survival of diseased plants was approximately 32° C. This 
temperature was slightly less favorable for development of TJstilago stride- 
form is than for the diseased plants, since part (9 out of 14) of the treated 
plants recovered temporarily from all visible symptoms of smut infection. 
The grmliuil reappearance of smut in the plants that seemed to have recov- 
ered indicated probably that the fungus had remained alive in the plants 
but was unable to cause disease symptoms at the high temperature. 
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GERMINATION OF SMUT CHLAMY0OSPORES FROM PLANTS GROWING AT 
DIFFERENT TEMPERATURES 

Davis (1) and Fischer (3), both secured terminable chlaniydospores 
from diseased plants of Poa pratensis without first subjecting' the spores to 
an after-ripening period. Since both authors worked with material col- 
lected in May, there are 2 possible explanations for their results; both 
authors chanced upon races of the organism that produced germinable 
chlaniydospores or the environmental conditions that prevailed during ]\Iay 
influenced, in some manner, the germinability of fresh chlaniydospores. 

In order to investigate the first possibility, germination tests were con- 
ducted on chlaniydospores from diseased plants collected at different times 
during the grcwing season in widely separated pastures. Chlaniydospores 
from more than 300 different smutted plants were examined, but none of 
the tests yielded more than an oceasional germinated spore. The absence 
of germinable spores within sori on the diseased plants examined leads one 
to conclude that races of llsfilago striae for mis from Poa pratensis that 
possess germinable, fresh chlaniydospores are rarely encountered, at least in 
central Pennsylvania. 

Chlaniydospores from diseased plants collected at frequent intervals 
from May to November showed no seasonal relationship to germinability. 
Additional germination tests were conducted, however, on chlamydospores 
from diseased plants growing at different controlled temperatures in the 
greenhouse. Fresh chlamydospores from plants grown at 32 C. for 3 
months germinated as much as 90 per cent. Eacli of the surviving plants 
held at 32° C. yielded highly germinable chlamydospores even when the 
spores were removed directly from fresh green leaves. Spores from dead 
leaves on the same plants gave substantially low^er germination percentages. 
Subsequent tests demonstrated that smutted plants, exposed to a tempera- 
ture of 32° C. for as short a period as 2 weeks, yielded highly germinable 
chlamydospores. 

In comparison with the results at 32° C., no germination was secured 
from fresh chlamydospores removed from the plants growing at 1.5, 10, and 
20 to 25° C. These results indicated that the development of smut spores 
at relatively high temperatures, in some manner, influenced their germin- 
ability. Thus, there is the possibility that high temperatures also may influ- 
ence germinability of fresh, chlamydospores in the field. 

EFFECT OF TEMPERATURE ON LENGTH OF AinER-RIPENING PERIOD 
OF SMUT CHLAMYDOSPORES 

Davis (2), earlier reported that smut chlamydospores from leaves of Poa 
pratensis required an after-ripening period of 197 days in the laboratory. 
Since liighly germinable fresh chlamydospores were obtained from smutted 
])lauts maintained at 32° (h, the possibility was considered that a similar 
temperature treatment might stimulate germination of chlamydospores in 
detached smutted leaves. Diseased leaves were, therefore, removed from 
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plaiits growing in a greenhouse at 20 to 25° C. and placed in Petri dish moist 
chambers in an ineiibator at 35° G. 

In preliminary tests, excellent germination occurred 30 days after the 
ehlamydospores were placed at 35° C. Fresh smutted leaves from a num- 
ber of different clones of Poa prat ensis were then placed in moist chambers 
and incubated at the same temperature. At periodic intervals, germination 
tests were conducted on spores from the treated leaves. 

As shown in table 1, very few germinable spores were found before the 
incubation period was started. After five days at 35° C., most of the treated 

TABLE 1 . — Per cent germination of cJilamgdospores of TJstilago striaeformis from 
Poa pratensis inculcated at S5° C. 


Number of days incubated 


liuiieciioii 

0 

5 

10 

15 

20 

25 

30 

KB14E(2) 

0 

0— few 

few-10 

2.5-75 

30-50 

0— few 


KB.SOGO.) 

0 

50-75 

10 

10-50 

0-few 

few— 10 


KR34J(1) 

0— few 

0 

25-35 

0 

0 

10-25 


KB32A(1.) 

0 

0— few 

25-30 

50 

25-30 

0-10 


37KB120(26) 

0 

0— few 

25-50 

75-80 

30-75 

few-25 


KB39K:-2-7 ' 

0 

few 

50 

30 

10 

10 


KB30G~2-2 

0 

0— few 

10 

75 

25 

75 


KP>21F~3-3 .... 

0 

0 



65-80 



KB3C-1-3 

0 

few-10 



80 


30 

KB39G-2--3 

0 

0 



10-90 



KB31E-1-3 

0 

0-10 



50-90 



KR39G-1--4 

0 

0 



50 


50-75 

KB39W--3 

0 

0 



75 


80-90 

KB3B-1-5 

few 

few— 25 



75-90 



KP>21P~2-3 

0-10 

0-f ew 



10-25 






, 





samples yielded 

some germinable spores. 

Nearly all of the samples re- 


sponded to the temperature treatment after 10 days incubation and most 
of the samples provided maximum numbers of germinable spores between 
the 10th and 20th days after treatment was started. After 20 days at 
35° C., the percentage of germinating spores in each sample decreased pro- 
gressively although there were appreciable numbers in some samples even 
after 30 days of treatment. Prolonging the incubation period beyond 30 
days usually caused a pronounced decrease in percentage of germination. 
In tests of several collections maintained at 35° C. for 60 days the spores 
lost their ability to germinate despite the fact that 80 per cent of them were 
still germinable after 30 days. 

ehlamydospores from collection KB34J (1) varied in germinability from 
one test to another. This is interpreted on the basis that considerable varia- 
tion may exist in the state of development of ehlamydospores from sori on 
the same or different leaves. 

Ill a subsequent test of the effect of different temx)eratures, smutted 
leaves from each of 7 different plants of Poa pratensis were placed in Petri- 
dish moist eiiambers and incubated at 25, 30, 35, 40, and 45° G. At periodic 
Intciwals, germination tests were conducted on spores removed from the 
cligeasecl material stor^ at each temperature. 
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Temperatures of 30 and 35° C. were found the most favorable for after- 
ripening the smut ehlamydospores. Best germination of spores occurred 
when the smutted leaves were incubated at these temperatures for 10 to 30 
days. There was very little germination of spores incubated at 40 and 45° 
C., while those incubated at 25° C. either germinated poorly or required a 
prolonged treatment. From the results obtained, a temperature treatment 
of 30 to 35° C. for 10 to 30 days seemed most favorable for after-ripening 
the smut ehlamydospores. 

GEEMINATION OF SMUT CHUAMYDOSPOEES IN WATEE AT DIPPEEBNT 
TEMPEEATUEES 

Davis (2) reported that ehlamydospores from diseased plants of Poa 
pratensis germinated in water at a minimum temperature of 7° C. and a 
maximum temperature of 35° C. A temperature of 22° C. was reported as 
optimum. In the present investigation, the germination tests were con- 
ducted as previously described and the slides with test drops of distilled 
water and spores were placed at temperatures ranging from 5° to 45° C. at 
5° intervals. Spores that had been treated previously at 35° G. were used. 
Eesults of the tests on spores from 3 clones are shown in table 2. The tem- 

TABLE 2. — Per cent germination of smut ehlamydospores of JJstilago striaeformis 
from Poa pratensis in water at different temperatures 


Germination temperature 


Collection 

5°C. 

10 ° c. 

15° C. 

20° C. 

25° C. 

30° C. 

35° 0. 

40° 0. 

45° C. 

KB31F-1-3 

0-few 

few 

few“10 

15-25 

50-80 I 

80 

few 

0 

few 

KB31E-1-3 

1 

0 

0-few 

few-10 

50-70 

80 

80 

75-80 

0-few 

0 

37KB120(26) 

0 

0-few 

5-10 

5-10 

5-35 

35-85 

0 

0 

0 


peratures at which the spores germinated agree substantially with those 
reported by Davis. The variation among cultures with respect to the tem- 
perature at which germination occurred may possibly be attributed to 
differences between strains of the organism or of the host plant. 

DISCUSSION 

The influence of temperature on development of smutted plants was 
demonstrated by field observations and greenhouse experiments. The ease 
with which smutted plants are found at certain seasons is correlated with 
the temperatures that prevail at that time. Cool periods in spring and fall 
are most favorable for development of Poa pratensis. Prom greenhouse 
tests, a continuous controlled temperature of 32° C, proved maximum for 
survival of smutted plants. Temperatures of 1.5, 10 and 20 to 25° C. were 
more favorable for their growth. 

"When smutted plants were grown for long periods at 32° C., new emer- 
gent leaves frequently failed to display symptoms of smut infection. If 
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these plants were removed to a lower teinperature and permitted to grow 
for a time, smut symptoms, with a few exceptions, again appeared. These 
results indicated that prolonged exposure to high temperatures was more 
inifavorable to the disease organism than to the host. The smut organism, 
however, was not completely purged from the host by this treatment; so 
that, for the most part, restoration of favorable environmental conditions 
once more permitted the smut hyphae to become established throughout the 
plant. 

The discovery that smutted plants maintained at 32° C. yield highly 
germinable chlamydospores olfers a possible solution to the discrepant re- 
ports in the literature regarding germinability of fresh spores of Ustilago 
striaeformis. Two authors wlio reported germinable chlamydospores of this 
organism mentioned that the collections examined were secured from the 
field in May. It is not unusual for temperatures to approximate 32° C. for 
several days at a time in the latitudes represented by these reports. Simi- 
larly, chlamydospores from smutted plants collected in other areas might 
escape the length of exposure to high temperatures necessary to make the 
spores germinable. 

The fact that smutted plants of Poa pratensis growing at a temperature 
of 32° C. yield highly germinable chlamydospores does not exclude the possi- 
bility that races of the organism with germinable chlamydospores may exist. 
To date, however, germination tests on fresh chlamydospores from smutted 
plants collected in more than 75 different pastures have failed to reveal races 
of tlie organism with germinable fresh spores. 

A temperature of 30 to 35° C. was found most desirable for shortening 
the after-ripening period of smut chlamydospores in detached smutted 
leaves. Usually, an after-ripening period of 10 to 30 days proved sufficient 
for stimulatiog maximum germination of the spores. Prolonged high tern- 
])eratiire, liowever, apparently reduced the viability of treated spores, since 
a progressive decrease in numbers of germinable spores resulted when the 
samples were incubated more than 30 days. 

Chlamydospores, incubated at temperatures below 30° C., required a 
considerably longer period to after-ripen, while spores incubated at tempera- 
tures above 35"^ C. failed to germinate, even after prolonged treatment. The 
results of the experiments reported herein demonstrate that temperature is 
a prime factor in determining the length of time necessary to after-ripen 
<diiamydospores of from Poa pratensis. 

■SUMMARY ' 

High temperatures in the field and in greenhouse experiments were 
uafavorable for development of Poa pratensis infected with Ustilago siriae- 
f arm. is. 

Part of tlie smutted plants exposed to a eoiithuious temperature of 32° C. 
lost their sumt symptoms after 4 mouths, but, witli a few exceptions, roKaiued 
tiiem when the plants were grown at a lower temperature. 
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Chlamydospores removed from leaves of smutted plants growiiig at 32° 
C. proved liighly germinable, without any after-ripening‘ period. 

The after-ripening period of ehlamydospores of Udilago striaeformis 
was reduced from 200 days to less than 30 days by incubating detached 
smutted leaves in a moist chamber at 35° C. 

Examination of ehlamydospores from more than 300 smutted plants of 
Poa lyraiemis collected in 75 different pastures failed to reveal the presence 
of races of the organism with germinable fresh spores. 
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The following dry disinfectants were nsed : Ceresan, 5 per cent ethyl 
mercuric phosphate (Bayer-Semesan Co.) ; ‘/Half Ounce Leytosan, 7.2 per 
cent phenyl mercury (F. W. Berk & Co., Ltd., London, England) ; Spergon, 
99 per cent tetrachloro parabenzoquinone (U. S. Rubber Co.) ; N.G. 
3399/9 K, an unnamed dust (Canadian Industries Ltd.) ; Thiosan (DuBay 
1205~PP), 50 per cent tetra-methyl thiuramdisulphide (Bayer-Semesan 
Co.) ; Chemical No. 601 and Chemical No. 604 (U. S. Rubber Co.). Ceresan 
and Leytosan were applied at the rate of | oz. per bu. of grain, Spergon and 
N.G. 3399/9 K dust at 3 oz. per bu., and Thiosan, Chemical No. 601, and 
Chemical No. 604 at 2 oz. per bu. 

In addition to the dry disinfectants mentioned above, the following 
materials were used as wet treatments: Pormaldehyde, Ceresan, and Boi’- 
deaux mixture. Pormaldehyde was used at the standard rate of one part 
of Formalin (40 per cent formaldehyde to 320 parts of water) . The Ceresan 
solution consisted of 1 part of Ceresan to 800 parts of water, by weight. 
The grain was immersed in the formaldehyde and Ceresan solutions for 3 
minutes. After treatment it was covered for 4 hours, then dried and placed 
in small paper envelopes ready for seeding. The Bordeaux mixture used 
was prepared by dissolving 20 g. of powdered CUSO4 and 20 g. of Ca(OH)2 
in 1000 ce. of water. The seed was immersed in this solution for 15 minutes, 
dried, and packaged. All seed treatments were made from 15 to 30 days 
prior to seeding time. 

Severely naturally infected seed from the crops of 1941 was used in all 
experiments. The smut tests were made with Anthony oats and Trebi 
barley. The oat seed carried a smut spore load equivalent to one part of 

I ExpCTimeJite out in eoopcmtion with the Officers in Charge of tlio Dominion 

liahoratorics of Plant Pathology at Edmonton, Alta., Saskatoon, Siask., St, Catharines, 
Out., Ottawa,, Ont., Fredcncton, N. B., Kentville, N. B., and Charlottetown, P. E. I., and 
with Prof. .T. G. Coupon, Macdonald College, Quebec. Contribution No. 7l)G, Division of 
Ikdany and Plant Pathology, Bcience Bervice, Department of Agriculture, Ottawm, Canada. 
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NEW AND STANDARD SEED TREATMENTS IN THE CONTROL 
OP CERTAIN SEED-BORNE DISEASES OP WHEAT, 

OATS, AND BARLEY^ 

F. J. Gee ANEY AND H. A. H. Wallace 
(A ccepted for publication April 12, 1943) 

During the 1942 season, cooperative tests were conducted at several 
stations in Canada to determine the value of certain new and standard 
fungicidal seed-treatment materials for the control of smut (Ustilago avenae 
(Pers.) Jens, and U. levis (Kell, and Sw.) Magii.) in oats, covered smut 
(Usfilago horded (Pers.) Lagerh.) in barley, seedling blight (Helmintho- 
sporimn sativim P. K. and B.) in wheat and barley, and leaf blotch {H el- 
mi nfJiospor mm amnae Bidam) in oats. 


MATERIALS AND METHODS 
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spores (mostly Ustilago avenae) to 16,000 parts of seed, by weiglit, and the 
barley a spore load of 1:3,500. Seed lots of Charlottetown 80 barley and 
Keward wheat with 86 per cent and 52 per cent of the kernels, respectively, 
internally infected with Helminthospormm sativum, were used in the 
seedling-blight tests. Erban oats was used in the oat-leaf -blotch experiments. 
An agar-plate test of this seed showed that 38 per cent of the kernels was 
internally infected v^ith Hebmnthospormm avenae. The treated seed, along 
with similarly diseased nontreated seed of Anthony oats, Trebi barley, Char- 
lottetown 80 barley, and Erban oats, was planted at Winnipeg, Manitoba, 
in four separate experiments at the rate of 200 seeds per 8-foot row. The 
system of replication used in each experiment consisted of 4 randomized 
blocks of 8 rows each. Similar plantings were made at 8 other stations in 
Western Canada, and at 7 stations in Eastern Canada. The results of these 
experiments are summarized ill tables 1 and 2. 

In addition to the above-mentioned cooperative tests, greenhouse and 
field experiments were made at Winnipeg to determine the effect of certain 
standard and new fungieidal seed treatment materials, including Spergon 
and Thiosan, on the control of seedling blight in wheat and barley and of 
leaf blotch in oats, and on plant emergence and yield. The field experiments 
were repeated at Morden, Manitoba, In the greenhouse tests, 100 seeds of 
each kind of treated and untreated seed of Reward wheat, Charlottetown 80 
barley, and Erban oats were planted in rows in large beds of non-sterile 
soil, maintained in proper condition, and in which the amount of soil-borne 
infection was negligible. Data on emergence and disease control were 
obtained 15 days after the seed had been sown. The greenhouse tests were 
run at two different times. Field experiments, similar to those carried out 
in the cooperative tests, were made at Winnipeg and Morden, Man. In 
these tests, treated and untreated diseased seed of Reward wheat as well 
as Charlottetown 80 barley and Erban oats was planted in separate experi- 
ments. The materials and rates of application used are given in tables 
3 and 4. 

Three separate experiments were made at Winnipeg and Morden to 
determine the effect of different seed treatments on the yield of diseased seed 
of Reward wheat, Charlottetown 80 barley, and Erban oats. The treated 
seed, along with untreated seed of each variety, was planted in rod rows 
at the rate of from 400 to 500 seeds per row, depending upon the variety, 
replicated 6 times for each fungicide. Thus, each yield test consisted of 6 
randomized blocks of 10 rod rows each. Yields were finally computed ou 
the basis of bushels per acre. The results of the yield tests are presented 
in table 4. 

Data on emergence in all field experiments were obtained about 30 days 
after planting; those for the greenhouse tests, when the seedlings were 15 
days old. The disease data of the smut experiments (Table 1) were recorded 
at or near harvest time. The total number of heads and number of smutted 
ht^ads per 8-foot row were counted; and the percentage of smutted heads 
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per row was computed. The method of recording* the disease data in the 
cooperative barley seedling blight and oat leaf blotch teKsts (Table 2), and 
in the special wdieat and barley seedling blight and oat blotch experiments 
(Tables 3 and 4), was as follows: Immediately after the emergence data 
had been recorded, the young plants Were lifted from the soil, cleaned, and 
examined individually for presence of basal or leaf lesions caused by seed- 
borne fungi, and the percentage of diseased plants per row was determined. 

The emergence, disease, and yield data of each field experiment, with the 
exception of the disease data of the smut experiments, were treated statisti- 
cally by the analysis of variance method. 


EXPERIMENTAL RESULTS 

The results of the oat- and barley-smut experiments are given in table 1. 
These data show that Ceresan and Leytosan gave perfect control of smut 
in oats, and almost perfect control of covered smut of barley, while the 
Ceresan-dip and formalin-dip treatments were only slightly less effective. 
Spergon and Bordeaux mixture gave only partial smut control. N.6. 
3399/9 K dust was cpiite ineffective in controlling the smuts of oats and 
barley. The formalin dip treatment reduced emergence in oats, and Ceresan 
dip, in barley. 

TATLLE 1 . — Effect of .need treatment with different fungicides on seedling emergence, 
and on the occurrence of swMt in oats, and covered smut in barley. Eesults of coopera- 
tive cereal seed treatment experiments at stations in eastern and western Canada in 


Oz. 


Oat 

{V. avenae and V. levis) 


Barley snmt‘* 
(Ustila'go liordei) 


Mean percentage emergence (Emer.) and mean 
percentage heads smutted (Smut) 



bu. 

Eastern, 

7 

stations 

Western, 

9 

stations 



Eastern, 

6 

stations 

Western, 

9 

stations 



Emer. 

Smut 

Emer. 

Smut 

Emer. 

Smut 

Emer. 

Smut 

Ceresan 


78 

0.0 

84 

0.0 

84 

0.1 

87 

0.01 

Ijfvtosan 

i 

77 

0.0 

83 

0.0 

82 

0.2 

87 

0.02 

Hpergon 

3 

80 

2.6 

81 

0.9 

84 

0.9 

88 

0.6 

N.O. 3399/9 IC 

2 

77 

3.8 

77 

1.9 

81 

1.1 

86 

1.0 

CVresan dip 


78 

0.01 

84 

0.2 

70 

0,01 

75 

0.02 

Formalin dip 


71 . 

0.01 

74 

0.01 

82 

0,9 

89 

0.4 

Bordt‘aux mixture ... 


76 

1.4 

79 

0.8 

80 

1.1 

83 

0.9 

Kone 

Kectmtry differ- 


78 

7.1 

78 

2.7 

85 

4.0 

! 

87 


ewe, 5% level 


4J : 

« 

4.0 

a 

4.1 

1 ^ 

3.7 

a 


^ Smut data not analyzed statistically. 

Variety r. Anthony. Hmut spore load on seed = 1 : 16,000. 

Variety = Tre hi. Burnt spore load on seed 1 : 3,500. 

Tiie amount of smut observed in the untreated oats at the different 
statiouH ranged from 1.3 to H.2 per cent, with an average of 7.1 per cent for 
7 stfiticms in Eastern Canada and 2.7 per cent for 9 stations in Western 
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Canada, Smut in the untreated barley ranged from 1.1 to 16.4 per cent, 
and averaged only 4.0 per cent for the 15 stations in Eastern and Western 
Canada. Obviously, the fungicides were not subjected to a very severe test 
ill 1942. However, owing to the fact that exceedingly uniform smut control 
results were obtained with each fungicide at 15 widely separated stations, 
and also to the fact that almost perfect control of smut was obtained at all 
stations with the organic mercury compounds, Ceresan and Leytosan, it is 
considered that the results of the 1942 tests give a fairly good indication of 
the possible effectiveness of the fungicides tested in controlling covered smut 
of barley and smut in oats. 

TABLE 2 . — JEffeot of seed ireatmejit ivith different f ungicides on seedling emergence, 
and on the occurrence of see dling Might (H el minthosporiiim sativum) in barley, and leaf 
blotch (Eelmimthosporimn avenae) in oats. JResidts of cooperative cereal seed treatment 
experiments at fitations in eastern and western Canada in 194£ 




Seedling blight of barley*^ 
(Helminthmporium 
satimm) 

Leaf bloteli of oatsi> 
(Helm m t h ospo r i a m 
avenae) 


Oz. 

1 

Mean percentage 
percentage 

0 emergence (Emer.) and mean 
seedlings diseased (Dis.) 



bu. 

pjastern, 

5 

stations 

Western, 

9 

stations 

Eastern, 

6 

stations 

Western, 

6 

stations 



Plmer. 

Dis. 

Emer. 

Bis. 

Emer. 

Dis. 

Emer. 

Dis. 

Ceresan 

■1 

84 

3.5 

89 

11.6 

78 

16.4 

90 

3.0 

Leytosan 

i 

84 

2.7 

90 

1 11.3 

78 

23.6 

89 

4.3 

Spergon - 

3 

62 

: 20.5 

66 

74.6 

74 

42,4 

86 

20.5 

N.G. 3399/9 K 

2 

70 

26.2 

75 

77.9 

78 

33.9 

90 

26.2 

Ceresan dip 


82 

3.0 

89 

10.6 

74 

23.8 

84 

4.3 

Formalin dip 


77 

20.0 ! 

80 

67.6 

76 

33.6 

85 1 

20.0 

Bordeaux mixture ... 


63 

25,5 ' 

68 

82.2 

76 

43.3 

83 

■ 25,5 

None 

Necessary differ- 


63 

25.9 

70 

^ i 

78.9 

75 

39.7 

80 

25.9 

ence, 5% level 


4.5 ■ 

13.5 

4.1- 

6.6 

c 

10.1 

4.6 

11.2 


a Variety = Cliarlottetown 80. Pereeiitage of seeds infected = 86 per cent. 
Variety = Erban. Percentage of seeds infected = 38 per cent. 
cjDifferenees between fnngieides insignificant statistieany. 


The results of greenhouse and field experiments designed to determine 
the effect of different seed treatments on the control of seedling blight 
(Selminihosporium sativum) in wheat and barley, and leaf blotch (H. 
avenae) in oats, and on plant emergence and yield, are given in tables 2, 3, 
and 4, From these data it is evident that, on the whole, the organic mercury 
seed-treatment materials, Ceresan, Leytosan, and Ceresan dip, were highly 
effective in controlling seed-borne diseases of cereals caused by species of 
Helminth osyorium, whereas Spergon and Thiosaa were quite ineffective. 
Although Clnmiical No. 604 gave fairly effective control of leaf blotcdi of oats 
and partial control of seedling blight in wheat, it was inetluctive in eon- 
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ical No. 601, Bordeaux mixture, and N.G. 3399/9 K dust, did not reduce 
the iiieideiiee of seedling blight in either wheat or barley, or of leaf blotch 
ill oats. The results obtained in beds of ordinary soil in the greenhouse 
agreed very closely with those obtained in the field. 


TABLE Z,— Effect of seed treatment with different f ungicides on the control of seed- 
ling Might in wheat and hurley and leaf Moich of oats, and on seedling emergence, lie- 
suits of greenhouse soil-hed tests. {Data are means of 2 trials) 


Pnngieicle 

Oz. 

per 

bn. 

Seedling blight 
of wheat® 

{H. satimm) 

Seedling blight 
of barley^^ 

(H. sativum) 

Leaf blotch 
of oatse 
(JS. avenae) 

Percent- 

age 

seed- 

ling 

emer- 

gence 

Percent- 

age 

seed- 

lings 

dis- 

eased 

Percent- 

age 

seed- 

ling 

emer- 

gence 

Percent- 
age 
seed- 
lings ' 
dis- 
eased 

Percent- 

age 

seed- 

ling 

emer- 

gence 

Percent- 

age 

seed- 

lings 

dis- 

eased 

Ceresan 


98 

0 

98 

0 i 

95 

0 

Levtosan 

i 

96 

0 

99 

1 ' 

96 

0 

Spergon 

3 

92. 

32 

89 

66 

94 

18 

Cliemieal #601 

2 

75 

49 

90 

44 

94 

16 

Chemical #604 

2 

94 

18 

96 

36 

95 

10 

Thiosan 

2 

i 97 

21 

90 

33 

92 

9 

K.G. 3399/9 K 

3 

1 78 

25 

89 

50 

92 

11 

Ceresan dip 


98 

0 

96 

0 

94 

0 

Bordeaux mixture 


87 

48 

86 

56 

95 

18 

None 


70 

46 

86 

50 

93 

14 


a Variety = Rim^ard. Perceatage of seeds infected = 52 per cent. 

Variety = Charlottetown 80. Percentage of seeds infected = 86 per cent, 
c Variety = Erban. Percentage of seeds infected = 38 jier cent. 


The field results in table 4 show that Ceresan, Leytosan, Spergon, 
Thiosan, N.G. 3399/9 K dust, and Chemical No. 604, were consistently 
beneficial to emergence, while Bordeaux mixture, and, in general, Chemical 
No. 601, were of little benefit in this respect. As might be expected from the 
disease control results, highly significant increases in yield were obtained 
over iiontreated seed when wheat seed severely infected with Helmintho- 
sporium sativum was treated with Ceresan or Leytosan. Most of the other 
fungicides also increased yield significantly. In general, wheat yield was 
increased in direct proportion to the amount of seedling blight control. 
Unfortunately, individual plot yields of the oat and barley experiments 
varied widely in 1942, and hence the yield differences observed between seed 
tneatments in these tests were, for the most part, statistically insignificant. 

The results presented in tables 1, 2, 3, and 4 show the marked effective- 
ness of the organic mercury seed disinfectants, Ceresan and Leytosan, in 
controlling certain destructive seed-borne diseases of wheat, oats, and barley. 
In comparison -with these standard fungicides, the new materials, Spergon, 
Thiosan, Chemical No. 601, and Chemical No. 604, were quite ineffective. 
Spergon is on the market as a vegetable seed protectant and Thiosan as a 
fniigif^idt^ for turf. Chemical No. 601 and Chemical No. 604 are still in the 
experimetilal stage. In 1942, Spergon and Thiosan were quite imsatis- 
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TABLE 4 . — -Effect of seed treatment ivith different fungicides on the occurrence of 
seedling blight in wheat and barley, ayid of leaf blotch in oats, and on seedling emergence 
and yield. Mesults of field experiments at Winnipeg and Morden, Maniiobay in 1942 


Fungicide 

Oz. 

per 

bu. 

Winnipeg 

1 


Morden 


Seedling blight of wheats 
(Selminthosporium sativum) 

Percent- 

age 

seedling 

emergence 

Percent- 

age 

seedlings 

diseased 

YTeld 

(bu. 

per 

ae.) 

Percent- 

age 

seedling 

emergence 

Percent- 

age 

seedlings 

diseased 

Yield 

(bu. 

per 

ac.) 

Ceresan 

i 

74 

18.5 

53.6 

92 

15.1 

42.9 . 

Leytosan 

1 

75 

17.4 

54.1 

94 

15,6 

41.2 

Spergon 

3 

71 

48.6 

41.6 

68 

49.4 

32.6 

Chemical #601 

2 

49 

60.5 

34.2 

41 

59.9 

23.8 

Chemical #604 ......... 

2 

79 

40.7 

50.1 

80 

48.3 

37.7 

Thiosan 

2 

74 

50.8 

48.3 

77 

51.2 

37.1 

N.G. 3399/9 K 

3 

62 

55.9 

44.2 

63 

60.8 

30.3 

Ceresan dip 

i 

82 

19.1 

51.8 

92 

22.8 

36.2 

Bordeaux mixture ... 


56 

57.4 

37.8 

44 

58.8 

27.2 

None 


40 

60.4 

28.2 

23 

56.4 

19.4 

Necessary differ- 








ence, 5% level ...... 


10.5 

13.2 

2.8 

7.4 

8.8 

5.1 




Seedling blight of barley^ 






(Helminthosporium sativum) 


Ceresan 

i 

91 

18.3 

39.4 

91 

18.6 

53.8 

Levtosan 

i 

87 

22.7 I 

37.1 

92 

23.3 

54.4 

Sp'ergon 

3 

72 

58.4 

38.6 

73 

73.8 

51.5 

Chemical #601 

2 

78 

57.3 

41.7 

74 

92.9 

49.6 

Chemical #604 

2 

76 

58.9 

38.1 

80 

77.8 

53.7 

Thiosan 

2 

77 

48.9 

38.1 

78 

86.6 

57.7 

N.G. 3399/9 K 

3 

79 

59.1 

37.0 

74 

88.8 

57.3 

Ceresan dip 


85 

16.2 

35.7 

88 

18.8 

48.1 

Bordeaux mixture ... 


69 

66.0 

35.6 

66 

90.7 

42.0 

None 


67 

62.3 

31.3 

72 

91.5 

45.7 

Necessary differ- 








ence, 5% level 


8.6 

6.8 

& 

5.8 

7.2 

9.1 




Leaf blotch of oats<^ 






( Helminthosporium avenae) 


Ceresan 

i 

86 

2.6 

58.0 

92 

2.4 

95.5 

Leytosan 

I 

86 

1.9 

62.6 

93 

2.1 

93.8 

Spergon 

3 

80 

57.0 

62.5 

80 

42.9 

84.6 

Chemical #601 

2 

81 

55.0 

53.9 

82 

48.8 

91.4 

Chemical #604 

2 

80 

33.9 

59.5 

86 

23.2 

97.4 

Thiosan 

2 

82 

44.9 

60.7 

89 

33.0 

88.0 

N.G. 3399/9 K 

3 

73 

31.0 

60.4 

88 

33.5 

90.0 

Ceresan dip 


79 

1.9 

65.1 

91 

2.4 

98.5 

Bordeaux mixture ... 


" 74 

49.3 

60.4 

86 

42.8 

82.7 

None 


75 ' 

57.2 

61.4 

82 

55.5' 

82,8 

Necessary differ- 








ence, 5% level 


E 

9,8 

a 

4.1 

. 8.6 

SI 


a Differences between fungicides insignificant statistically, 
b Variety -Reward wh(*at. Percentage of seeds infected “52 per cent, 
ft Variety = Charlottetown 80. Percentage of seeds infected “86 per cent. 
Variety Erl )an. Percentage of seeds infected = 38 per cent. 
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factory for the control of seedling: blight of wheat and barley, and leaf blotch 
of oats, but further tests with these new non-metallic fungicides against 
these and other destructive seed-borne diseases of cereals would be desirable. 

SUMMARY 

Field experiments were made in 1942 to determine the effect of certain 
standard and new fungicidal seed treatment materials on the control of 
smut (Ustilago avenae and U. levis) in oats, covered smut (Ustilago kordei) 
in barley, seedling blight {Helniinthosporium sativum) in w^heat and barley, 
and leaf blotch (Helminthosporium avenae) in oats. Severely naturaliy 
infected seed was used in all experiments. 

The organic mercury seed disinfectants, Ceresan, Leytosan, and Ceresan 
dip, gave excellent control of smut in oats, covered smut of barley, seedling 
blight of wlieat and barley, and leaf blotch of oats. Formalin dip' controlled 
sinut effectively, but was quite ineffective in controlling barley seedling 
blight and oat leaf blotch. In 1942, the new synthetic organic chemicals, 
Spergon and Thiosan, gave little promise as cereal seed disinfectants. 

Dominion Laboratory ob’ Plant Pathology, 

Winnipeg, Manitoba. 



A NEW METHOD FOR COMPUTING SUGAR BEET 
LEAF AREA^ 

William Dowell B a t e n 2 and J . H . Muncies 
(Accepted for publication March 29, 1943) 

Many agTicultural research workers have interested themselves in the 
past few years with finding* the areas of leaves of various plants. Gustafson 
and Stoldt (5) studied the relation between leaf area and fruit size in toma- 
toes. Haller and Magness (6) investigated the association of leaf area and 
the growth and composition of apples, and Schuster (16) carried out experi- 
ments for determining the influence of leaf area and shoot growth in relation 
to size and filling of filberts. Davis (2) developed a foimiula for finding 
areas of bean leaves, and Porter^ found a parabolic formula for areas of 
tomato leaves. Magness and Overley (10, 11) investigated the effect of 
leaf area upon size and quality of apples and pears, and Overholser and 
Claypool (14) carried out research on the relation of leaf area per peach to 
physical properties and ehemical composition. Swanson (17) studied the 
influence of leaf area of sorghum versus yield. Mitchell (13), Frear (3), 
Gerdel and Salter (4), Kramer (9), Withrow (18), Hibbard, Grigsby and 
Keek (8) developed photo-electric devices for the measurement of leaf areas 
and Marshall (12) constructed an apparatus for obtaining the areas of rasp- 
berry leaves. Baten constructed a nomogram for finding the area of bean 
leaves (1). 

There are several experiments now being carried out at Michigan State 
College in which areas of leaves form important parts of the investigations ; 
these pertain to counts of European red mites per leaf area of Delicious 
apple tree leaves and effectiveness of sprays ; effects of sprays in relation to 
transpiration of sugar-beet leaves and honeysuckle leaves ; leaf area versus 
yield of field beans; etc. 

In experiments designed to determine the effect of spray or dust mate- 
rials upon transpiration rate of plants, it is necessary to employ an accurate 
and rapid method of finding the leaf area. The standard method of finding 
leaf area is by means of the planimeter. Although this method is accurate, 
it involves a great amount of tedious, painstaking effort and eonsiimption 
of valuable time. 

In recent experiments designed to determine the effect of copper sprays 
and dusts upon the transpiration rate of sugar beet leaves in the greenhouse 
it became highly desirable to employ some method other than planimeter 
readings for determining leaf area. Sugar-beet leaves of varying ages were 

1 Publislied hy permission of tlie Director, Michigan Agriciiltnral Experiment Btation 
ns Journal Article niimiier 630 (new series). 

^ RescGircli Assoc, in Statistics, Mich. Agr. E.xp. Station. 

- Extension Sp(*ciaHst rjnd H(‘h. A.ssoc. in Plant Pathology, Mich. State Oollege. 

4 Porter, A. M. The inlluence of defoliation and fruit thinning on the growth of 
tomatoes. rn}ui})lislied thesis, Michigan State College, 1082. 
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cut from the plant, and dried between blotters in a plant press. The ruffled 
leaf margins were smoothed as much as possible before the leaves were com- 
pletely dried. After drying, planimeter readings were made of the area of 
200 leaves. These were then used in checking against the data obtained by 
using a new method derived by the writers. 

Areas of the leaves, obtained by the planimeter, were plotted against the 
widths, the lengths, widths and lengths, and also against the products of the 
widths and lengths. Straight lines were found by the method of least 
squares, for predicting leaf areas from these respective measurements. The 
standard errors of estimate, which indicate how accurate predictions are, 


Pf>£!Hcrm mUATfON for area of beff lemffs 
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\ t£N6rH*^DrH ^ LW 


Fig. 1. 


were found in each ease, together with correlation coefficients. The smallest 
standard error of estimate was found where the product of width and length 
was used for predicting leaf area. The predicting equations pertaining to 
leaf area and product of length and width are as follows: 

Small leaves— 1941 : A = 0.6974P, 

Large leaves — 1942 : A = 0.7035P, 

All leaves: A = 0.7027P, 

where A represents leaf area and P represents the product of width and 
length. These equations without a constant term were about as reliable as 
the ecpiations with such a term; these equations with a constant term are not 
givcm. Since the equation for predicting areas for small leaves differs very 
little from that for predicting areas for large leaves, all of the data were 
ccanhined for obtaining one predicting equation. This equation is 
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A = 0.7027P; 

and it was used in constructing the nomogram. Figure 1 shows the scatter 
diagram about this straight line. 

The nomogram was obtained by using the linear relation between the 
logarithms of the area, 0.7027L and W as 

Log A = Log 0.7027L + Log W. 

The scales on each of the axes, shown in figure 2, were obtained as logarith- 
mic scales for the chosen interval of 12 inches for the heights of the axes of 
the measurements pertaining to width and length measurements. Methods 
for eonstrueting nomograms are given in any text on nomography (7, 15). 

The area of a sugar-beet leaf with width and length equal, respectively, 
to 3.4 in. and 4.5 in. is found by laying a straight edge on the width axis 
(Nomogram, Fig. 2) on 3.4 and on the length axis on 4.5 and then reading 
the area of the leaf on the area axis ; this is found to be 10.8 sq. in. The 
area of a sugar-beet leaf with width and length respectively equal to 7.6 in. 
and 9,2 inches is found by laying the straight edge on the width axis on 7.6 
and the length axis on 9.2 and then reading the area on the area axis, where 
the straight edge crosses this axis ; this is 49.1 sq. in. By using the nomo- 
gram, one can find the areas of the leave^s in the field or in the greenhouse 
without removing them from the plants and without any computations. One 
person can measure the width and length of the leaf on the plant, while a 
second person reads from the nomogram, for these measurements, the area 
of the leaf. It is necessary only to record one value, the area of the leaf. 
In this way 2 people can determine the areas of many leaves in a relatively 
short time. By this method the plants are not mutilated. 

The nomogram is of little value unless one is going to measure many 
leaves or is going to carry on the study with the same kind of leaves, at least 
2 years, or w^hen the equation for finding leaf area in terms of length and 
width measurements does not hold from season to season. However, if the 
investigation is going to extend over several years, as many do, and the equa- 
tion obtained from measurements the first years is suitable for the measure- 
ments of the same kind of leaves the succeeding years, as often happens, then 
the nomogram constructed from the first-year measurements will be benefi- 
cial in all future work. Davis (2) has used an equation for the area of 
bean leaves several seasons ; in his case the nomogram will greatly reduce 
the amount of time and labor devoted to finding leaf areas. Many people 
use the information gathered the first year or for the first four or five hun- 
dred leaves for determining the areas of all future leaves; in these cases it 
would pay to construct a nomogram from the first set of data and use it 
for future work. 

This article was written for the purpose of calling attention to this very 
handy method of finding the area of leaves. Similar methods miglit be used 
for other relations. The nomogram for obtaining areas of beet leaves will 
not be applicable for other kinds of leaves. 
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SUMMARY 

A method has been devised for rapid determination of areas of sugar- 
beet leaves. For this purx)ose a nomogram was obtained by using the linear 
relation between the logarithms of the area, the length and the width of 
the leaves. 

LITERATURE CITED 

1. Batex, W^iLLiAM Dowell. A nomogram for finding the areas of bean leaves. Jour. 

Amer. Soe. Agron. 34. 1942. 

2. Davis, J. F. The relationship between leaf area and yield of the field bean with a 

statistical study of methods for determming leaf area. Jour. Amer. Soc. Agron, 
32:323-329. 1940. 

3. Freae, D. E. H. Photoelectric apparatus for measuring leaf areas. Plant Piiys. 10 : 

569-574. 1935. 

4. Gerbel, B. W., and R. M. Salter. Measurement of leaf area using the photoelectric 

cell. Jour. Amer. Soe. Agron. 20: 635-642. 1928. 

5. Gtjstapsok, F. G., and Elnore Stolbt. Some relations between leaf area and f ruit 

size in tomatoes. Plant Phys. 11: 445-451. 1936. 

6. Haller, M. H,, and J. R. Magness. The relation of leaf area to the growth and 

composition of apples. Proe. Amer. Soc. Hort. Sci. 22: 189-196. 1925. 

7. Johnston, L. S. The elements of nomography. (Mimeographed) 83 pp. Detroit, 

University of Detroit. 1936. 

8. Hibbard, R. P., B. H. Grigsby, and W. G. Keck. A low light intensity photoelectric 

device for the measurement of leaf areas. Papers Mich. Acad. Science, Arts, 
and Letters. 23:141-147. 1937. 

9. Kramer, P. J. An improved photoelectric ajjparatus for measuring leaf areas. 

Amer. Jour. Bot. 24: 375-376. 1937. 

10. Magness, J. R. Relation of leaf area to size and quality in apples. Proc. Amer. 

Soc. Hort. Sci, 25 : 285-288. 1928. 

11. — , and F. L. Overley. Relation of leaf area to size and quality of 

apples and pears. Proc. Amer. Soe. Hort. Sci. 26 : 160-162. 1929. 

12. Marshall, R. E. An apparatus for the ready determination of areas of compound 

leaves. Jour. Agr. Res. [U.S.] 47: 437-439. 1933. 

13. Mitchell, J. W. Measurement of the area of attached and detached leaves. Scienee 

83: 334-336. 1936. 

14. OvERHOLSER, E. L., and L. L. Claypool. The relation of leaf areas per peach to 

physical properties and chemical composition. Proc. Amer. Soe. Hort. Sci. 28: 
15-17. 1931. 

15. Plant, L. C., and T. R. Running. First year college mathematics. American Book 

Company. 424 pp. (New York). 1939, 

16. Schuster, C. E. Leaf area and short growth in relation to size and filling of filberts. 

Proc. Amer. Soc. Hort. Sci. 30 : 392-395. 1933. 

17. Swanson, A. F. Relation of leaf area to grain yield of sorghum. Jour, Amer. Soc. 

Agron. 33: 18-22. 1931. 

18. Withrow, R. B. A photoelectric device for the rapid measurement of leaf area. 

Jonr. Agr. Res. [IT.S.] 50: 637-643. 1935. 


DISTRIBUTION OF BACTERIAL WILT (BACTERIUM 
SOLANACBARUM) IN SUCCESSIVE CROPS 
OP TOBACCO GROWN ON THE 
SAME FIELDS^ 

T . E . S M I T H 2 

(Accepted for publication March 30, 1943) 

INTRODUCTION 

Baeterial wilt occurs in spots in many tobacco fields. In some areas 50 
to 100 per cent of the plants may be affected, while in other areas of the 
same field one per cent or less may be diseased (Fig. 1). 

Whether or not these patterns of distribution remain constant or change 
from season to season was of importance in studying control measures. A 
marked increase in wilt severity in an area of the field where it was present 
only in small amount or absent on the previous tobacco crop would indi- 
cate that the pathogen had been spread by surface water or other means. 
Therefore, cultural practices that reduced rapidity of spread would be of 
value in controlling the disease. Information was not available on the sta- 
bility of the pattern of occurrence and to study this problem maps were 
made of wilt distribution during two or more successive crops of tobacco. 

METHODS 

In the fields selected for study wilt had been present in varying amount 
for perhaps 20 to 30 years. According to the farmers each field had been 
wholly planted to tobacco or other crops in 1936 and 1937. The survey was 
undertaken in 1938 by dividing the fields into plots of 50 x 50 ft., an area 
sufficient for approximately 250 tobacco plants. Wilt counts were made 
during the first few days of August. Concurrently, the elevation of each 
plot above the lowest point in the field was determined with a transit Plots 
were laid out and data taken on a total area of 11.9 acres in 7 fields. All 
plots, except 3, contained some wilted tobacco plants in 1938. Four of the 
fields were planted to tobacco in 1940 or 1942, depending on the length of 
rotation used, and at that time the plots on these fields were relocated for 
additional wilt counts. Early-season incidence was studied on 2 fields in 
counts made J tine 10, about 5 weeks after transplanting. Final distribution 
of tile disease was studied in counts made August 1 to 15, on completion of 
liarvesting. The number of plots, average amount of wilt in 1938, rotation 
used, and average amount of wilt on the succeeding crop of tobacco are 

i Cooperuthe inTeatigatioiis of the Division of Tobacco Investigations, Bureau of 
Agricultural Engineering, Agricultural Researcli Administra- 
turn, I, 8. Department of Agrieulttxre, the N. 0. Bepartment of Agriculture, and the N. 0. 
A gneultiiral Experiment Btation. Published with the approval of the Director as paper 
No. ml of the Journal teriei. ^ ^ 

4 . J Mproms appreciation to B. K. (Godfrey and J. E. Gilmore for nsHistance 

m tfn^ field work rmd to of ExperimentabStatisticH of the Experiment 

eomptttations. 
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Pig. 1. Distribution of bacterial wilt in a tobacco field. Each square 
an area of 50 x 50 feet with the indicated amount of wilt. 

TABLE 1. — Number of plots, average amount of wilt and rotations i 
fields studied 


Amount of wilt 
on tobacco grown 
in 1940 or 1942 


Amount of wilt 
on tobacco grown 
in 1938 


Kotation used 


Plots 


Eield 


Year and crop grown 

1939, crab grass 

1940, tobacco 

1941, corn 

1942, tobacco 

1939, leapedeza 

1940, tobacco 

1939, corn 

1940, tobacco 

1939, wheat and lespedeza 

1940, lespedeza 

1941, corn 

1942, tobacco 


Per eent 
7± 9« 


Number 
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shown in table 1. The amount of wilt varied widely between fields and 
within fields, as shown by these data. 

RELATION OP WILT SEVERITY IN 1938 OR 1940 TO THAT OP 
SUCCEEDING CROP 

The first problem studied was the relation of wdlt severity in 1938 to the 
areas of the field Avhere -wilt first occurred in the tobacco crop the next 
year. Table 2 presents the data on a field of 12 plots that, for convenience, 
have been arranged on the basis of the amount of wilt in each plot in 1938. 
Wilt varied among the different plots from 6 to 96 per cent at the end of 
the season in 1938. In 1940, 5 weeks after the tobacco was set, some wilt 
was present on nearly all plots, but the highest per cent occurred on the 
plots with the most wilt in 1938. The amount of wilt at the end of the 
season in 1940 was closely related to the early-season incidence. Data on 
another field of 32 plots were similar to those reported in table 2. 

TABLE 2 . — Belation of wilt distribution in 1B38 to early season incidence and 
disf rib lit ion in 1940 


Plot 

Amount of wilt during tlie stated years 

1938 

1940 

At end of season 

Five weeks after 
transplanting 

At end of season 

K umber 

Percent 

Per cent 

Per cent 

6 

6 

2 

11 

2 

9 

2 

1 20 

10 

15 

2 

1 23 

5 

15 

2 

1 27 

1 

20 

0 

24 

9 

26 

2 

1 38 

7 

37 

7 

! 42 

3 

48 

9 

60 

11 

51 

10 

1 55 

8 

82 

10 

j 97 

4 

96 

16 

i 99 

12 

96 

26 

• 99 


The relationship between pattern of occurrence of wilt in successive 
tobacco crops was determined by means of correlation coeflScients. In field 
numbers 1, 2, 3, and 4 (Table 1), data were available on the percentage of 
wilted plants on each plot in 1938 and in 1940 or 1942, depending on the 
length of rotation used. The values of ^‘r^^ between the amount of wilt 
present in 1938 and on the next tobacco crop were 0.9645^^,^" 0.9307**, 
0.8011** and 0.7115”, Field number 1 was planted in tobacco during 
1938, 1940, and 1942. The multiple correlation, coefficient (R) between 
percentage of plants wilted in 1938 (xi), percentage of plants wilted in 
1940 (x,) and percentage of plants wilted in 1942 (y) was 0.9052**. The 
over-all correlation 


for the entire set of data on 141 plots between per- 


I ** 


IfigMy »igiii€cant. 
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eentage of wilted plants in 1938 or 1940 and percentage of wilted plants in 
the next tobacco crop was 0.9036**. All of these eoefiSeients are quite high, 
showing a close relationship between the pattern of wilt distribution on 
tobacco grown during different seasons. 

RELATION OP ELEVATION TO WILT SEVERITY 

The relation between elevation and wilt severity was studied in ten sets 
of data, using wilt counts made in 1938, 1940 and 1942. Correlation coeffi- 
cients (r) were computed between elevation above the lowest point in the 
field and the percentage of wilted tobacco plants. These were 0.3317*, ‘ 
0.2583, 0.1895, -0.0444, -0.2183, -0.3271, -0.3512*, -0.4438, -0.8845**, 

- 0.9053**. The coefficients were highly variable, ranging from positive to 
negative with statistically significant values on both sides of zero. However, 
the negative relationship was found in seven of the ten sets of data. Hence, 
in most fields wilt was more severe in the lower-lying areas but this relation- 
ship was not consistent for all fields. 

DISCUSSION 

The factors that might explain the wide differences in amount of wilt 
in different parts of a field may, for purposes of discussion, be divided into 
2 groups. The first group includes factors that change from season to 
season, such as the chance introduction of inoculum into the field, spread of 
inoculum within the field from sites where it had overwintered in the soil, 
biological effects that might change disease severity and others. If wilt 
distribution were largely dependent on any or all of these factors, the pat- 
tern of distribution would change from year to year. No evidence of a 
major change in wilt distribution was found ; therefore, it is doubtful that 
such seasonal factors governed the amount of wilt in different areas of the 
fields studied. The second group of factors determining wilt distribution 
includes the relatively stable characteristics of the soil and physical features 
of the field that might effect pathogen or host. Several writers, van der 
Meer= and others, have pointed out that bacterial wilt was more severe on 
soils of high moisture content. This factor was associated with wilt distri- 
bution in some fields. For example, one end of field No. 2 bordered a poorly 
drained woodland, and inspection showed that soil moisture was consider- 
ably higher in the plots in that part of the field. The highest percentages 
of wilted plants also occurred in the plots nearest the poorly drained wood- 
land, indicating a relationship with soil moisture. However, in other fields, 
with what appeared to be well-drained soil throughout, variations in amount 
of wilt also occurred, showing that factors other than proximity of the water 
table played a part in determining wilt distribution. Bacterial wilt is 
water-borne and it was expected that repeated movement of contaminated 

4 * Significant. « a, * t 

5 van der Meet, J. IL H. The influence of degree of soil humidity on Hlime disease 
caused by Baelrrium solanaeearum. Bull Mi Proefita. (Medan, Sumatra) 29, .1929. 
(In Dutch with English summary, pp. 56 to 49.) 
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soil by siirface water wouid cause uniformly severe wilt damage in the lower- 
lying plots. But, as pointed out previously, the correlation between eleva- 
tion and amount of wilt varied widely on different fields, showing that 
direction of flow of smfface water was not uniformly associated with wilt 
distribution. The over-ail correlation coefficient of 0.9036^^' between the 
amount of wilt in the preceding crop and the succeeding crop suggested 
that wilt severity was mainly determined by the location of the plot in the 
field. It appeared that bacterial wilt was in equilibrium with the more 
stable chemical and physical properties of the soil. 

The problems involved in control of bacterial wilt by crop rotation were 
discussed in an earlier publication.® It was shown that the pathogen was 
not starved out by as much as 4 ,years of bare fallow. It also w^as shown 
that elimination of wilt-susceptible weeds from the immune crop did not 
increase the degree of control obtained from the rotation. These results 
illustrate the difficulties of controlling the disease by crop rotation. The 
data reported here are related to control of the disease by methods of sani- 
tation. Bacterial wilt recurs in proportion to the amount present in the 
previous tobacco crop. Hence, in fields where wilt has been present for 
several years, cultural practices tending to reduce spread appear to be of 
negligible value. 

SUMMABY 

Bacterial wilt tends to be unevenly distributed in many tobacco fields. 
Information was lacking as to whether the pattern of occurrence was similar 
in successive crops. 

Data from 141 plots showed a strong positive correlation between the 
amount of wilt in 1938 or 1940 and the amount of wilt on the same plots 
when planted in tobacco 2 or 4 years later. 

Wilt was usually, but not always, more severe on the low-lying areas of 
fields. 

The similarity of the pattern of occurrence from year to year suggests 
that the uneven distribution was associated with permanent soil conditions 
rather than the random spread of inoculum by cultivation or surface water. 

Tobacco Experiment Station, Oxford, North Carouina 

T. B. Control of bacterial wilt (Bacterium solanacearum) of tobacco as 
influenced by crop rotation and chemical treatment of the soil. IT. S. Dept. Agr. Circular 
{in press). 


RHIZOCTONIA ROOT CANKER OF ALFALFA 
(MEDICAGO SATIYA)^ 

Oliver ¥ , Smiths 
(Accepted for publication April 1, 1943) 

Tlie Rliizoctonia root canker of alfalfa herein described was first observed 
by the writer at the U. S. Yuma Field Station, Bard, California, in May, 
1940. An examination of alfalfa roots from many experimental plots on 
the station showed that a large piercentage of the plants were affected, and 
it appeared that affected plants were being damaged considerably. It is 
difficult to determine how long the disease has been present in that region, 
but information obtained by correspondenee and conversation with S. H. 
Hastings and E. 6. Noble, Division of Irrigation Agriculture, Bureau of 
Plant Industry, indicates that it has been present for several years. As far 
as the writer is aware, no previous description of the disease has been pub- 
lished, nor has its cause been determined. Experiments herein reported 
show that the disease is caused by BMzoctonia solani Kiihn {Corticmm 
solani (Prill, and Del.) Bourd. and Gal.). 

DESCRIPTION OP THE DISEASE 

The disease is characterized by dark, sunken areas, which sometimes have 
a brownish border (Pig. 1, B, C, D, and E). Diseased areas are usually 
circular, but in some cases they are oblong and extend part-way around the 
root. They generally occur where young roots emerge from larger ones, 
as evidenced by the fact that near the center of each lesion is often found 
the dead stub of a small root. Lesions often develoj) iii'ward to the central 
region of the root, but the latter usually is not completely rotted off. There 
is very little spread of the disease up or down the root from the lesion. 

The malady is seasonal in its development and closely correlated with 
high temperature. Lesions develop mainly in June, July, August, and 
September, when soil temperature, at 3 inches below the soil surface, ranges 
from about 21 to 35"^ C., whereas, there is practically no disease development 
during the winter months, when soil temperature, at 3 inches below the soil 
surface, may be as low as 5 to 10® C. Lesions that develop in summer 
usually heal-over during the winter, and by mid-winter or early spring 
there is often only a sear on the root to indicate the location of the diseased 
area from the previous summer season (Fig. 1, A). Under controlled con- 
ditions, the disease has developed abundantly on alfalfa roots grown at a 
soil temperature of 25-30® C. ; whereas it has developed very little, if at 
all, on roots grown at a soil temperature of 16-18® C. 

1 Cooperative inveKtigatioiiH of tlie Division of Forage Crops arnl DiHeasoH, Bureau of 
Plant Iiulustry, Soiln, and Agricultural Engineering, Agricultural Researcli AdmiTUHtra- 
tion, IT. 8. Department of Agriculture, and the Nevada Agricultural Experiment 8tati(ui. 

- Astiociate Pathologist, Division of Forage Crops and Diseases. 
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GEOGKAPHIC DISTRIBUTION OF THE DISEASE 

The disease is known to occur in southern California and southwestern 
Arizona, but may be present also in other areas. It has been reported® in 
the Imperial Valley of Imperial County and the Palo Verde Valley of Eiver- 
side County, California. Also it occurs in the Yuma Valley, Yuma Mesa, 
South Gila, North Gila, Welton-Eoll, and Parker Indian Eeservation Dis- 
tricts of Yuma County, Arizona. 



Fig* 1. Symptoms of rhizoetoiiia root canker of alfalfa. A. Boot with, scar show- 
ing diseased area largely healed overj B and 0. Typical lesions on roots as a result of 
natural infections. D and E. Lesions on roots as a result of inoculation with Bhisootonia 
solani at a soil temperature of 25-30^ C. F. Control plant, not inoculated, but grown 
at a soil temperature of 25-30*^ C. 

ECONOMIC IMPORTANCE OF THE MSEASE 

Tlie economic importance of this disease is not well defined. In regions 
where it is known to occur alfalfa stands are of short duration, with plant 
mortality being highest during the summer months, when this disease is 
most prevalent. It is unlikely, however, that the disease alone is respon- 

Unpublished data of a survey made by R. E. Beckett, Division of Irrigation Agri- 
culture, Bureau of Plant Industry, Soils, and Agricultural Engineering, October, 1940. 
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sible for all the dying of young stands. It appears to be responsible for 
the death of many small roots, as well as some larger ones, and thus con- 
tributes to factors causing plant mortality. It must, therefore, be consid- 
ered of real economic importance. The relative amount of resultant dam- 
age, however, awaits a more thorough knowledge of the entire disease 
complex in the areas where it occurs. 

CAUSAL ORGANISM 

The disease is caused by a fungus identified as Bhizoctonia solani Kiihn.^ 
This fungus has been isolated from many naturally developed lesions on 
alfalfa roots; and by inoculation experiments with this organism the disease 
has been reproduced and the organism reisolated. 

PATHOGENICITY TESTS 

Pathogenicity tests were made by growing young plants in infested soil. 
Plants about 3 months old were used, for at this age they bear roots large 
enough to test the ability of the fungus to cause root lesions. They were 
transplanted to galvanized-iron cans, 7 inches in diameter and 12 inches 
deep. In all cases transplants were allowed to grow at a soil temperature 
of 16--20'^ C., which is unfavorable for disease development, for at least 4 
weeks before the soil temperature was raised to 25-30° C., which is favor- 
able to disease development. The soil was infested with barley grain, pre- 
viously sterilized, on which the fungus had grown for about 2 weeks. The 
grain, applied at the rate of about 20 g. (dry weight, prior to soaking and 
sterilization) to 7000 g. of soil, was added either by mixing with the soil 
just before transplanting the plants, or the transplants were allowed to grow 
about a month in the non-inf ested soil; then 5 holes, about 0.25 inch in 
diameter and 8 to 10 inches deep, were made in each can of soil, and the 
inoculum placed in the holes. Both methods gave satisfactory results. 

A sandy-loam soil from Nevada was used for growing the plants, both 
before and after transplanting. Since experiments conducted by growing 
plants in this soil showed that the disease did not develop on the roots, re- 
gardless of whether or not the soil was previously heat-sterilized, non- 
sterilized soil was used. 

The control plants were treated exactly like the inoculated ones, except 
that plain sterilized barley grain was added to the soil in place of barley on 
which the fungus was growing. 

The plants were grown at a soil temperature of 25-30° C. for 2 months, 
then removed, and the roots were examined for disease development. In 
this period, many lesions developed on the roots of inoculated plants, 
whereas no lesions developed on the roots of control plants (Fig. 1, F). 
Eesults typical of those obtained from inoculations are given in table 1. 

^ Id-Biitilied. by Joliii E. Kotila, Eivision of Sugar Plant Investigations, Bureau of 
Plant Industry, Soils, Agricultural Engineering, Agricultural Beseareb Administration, 
U. S. Department of Agriculture. 
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Lesions produced on alfalfa roots, as a result of inoculation tests, are 
very similar to those that occur on roots under natural conditions at Bard, 
California (Fig. 1, B, C, D, and E). There can be no doubt, therefore, 
that EMzoctonia solani is the cause of the disease here concerned. 

DISCUSSION 

In the experiments herein reported it has been shown that at a soil tem- 
perature of 25-30° C, BMzoctonia solani causes root lesions on alfalfa. It 
is entirely possible, however, that under this condition there may be other 
oi-ganisms capable of producing similar root lesions, or may at least be effec- 
tive in furthering the progress of the lesions once they are initiated. 

The relation between lesion development and the death of fine roots is 


TABLE 1. — Number and per cent of alfalfa plants with root lesions following in- 
oculation with MMzoctonia solani 


Series 

Plants 

inoculated 

Eesults’- 

Per cent 
infection 

Series 1, inoculated 

25 

23/25 

92 

1, control 

0 

0/13 

0 

2, inoculated 

26 

26/26 

100 

2, control 

0 

0/14 

0 


^ Numerator = number of plants with root lesions. 


not at present fully understood. Lesions often develop on large roots where 
fine roots have grown, but it is difficult to determine definitely whether the 
lesions are initiated before or after the death of the fine roots. When the 
disease was first observed, it appeared that some organism was killing the 
fine roots and then making its way from the fine roots into the larger roots 
to cause the lesions. However, in inoculation experiments conducted in 
Neyada soil, it has been observed that in some cases the lesions develop at 
the base of apparently healthy roots, thus indicating that, occasionally, the 
lesions are initiated before the roots are killed. Also, it has been observed, 
with many plants examined during the summer at Bard, that many of the 
fine roots are dead and those not dead are dark brown; yet no lesions are 
present on the larger roots. While it is possible that in such cases the dis- 
ease has not progressed into the larger roots, it appears more likely that 
Rhizoctonia solani is not responsible for all the killing of fine roots on alfalfa 
in the vicinity of Bard, and that some other factor, or factors, are respon- 
sible for the death of many of these fine roots. 

It has been known for several years that alfalfa stands are of short 
duration at Bard, plant mortality being greatest during the latter part of 
the summer. It seems unlikely, however, that Rhizoctonia solani is respon- 
sible for all the killing of stands. When plants become so deprived of fine 
feeder roots and root nodules during the summer, as many of the plants do 
at Bard, it is possible that they so thoroughly exhaust their root reserves 
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and become so weakened that they fall an easy prey to weak soil-inhabiting 
parasites, which are nnable to parasitize strong healthy plants. Further- 
more, it is known that Fusarium oxysponcm var. medicaginis is present in 
this area, and it undoubtedly is a factor in the death of many plants. 

SUMMARY 

A disease of alfalfa roots, herein called rhizoctonia root canker, which 
occurs on alfalfa roots in parts of southern California and southwestern 
Arizona, is described and its cause attributed to BMzoctonia solani. 

The disease is characterized by dark, slightly sunken areas, which occur 
on the main tap root and large lateral roots. Lesions usually occur where 
young roots emerge from the larger roots. They develop mainly during 
June, July, August, and September, but do not ordinarily develop during 
the cooler part of the year. Under controlled conditions, the disease has 
developed abundantly on alfalfa roots grown at a soil temperature of 25~ 
30° C., whereas, it has developed very little, if at all, on roots grown at a 
soil temperature of 16-18° C. 

During the past several years there have occurred serious losses by 
alfalfa growers on the Yuma Eeclamation Project and certain adjoining 
irrigated areas. The difficulties encountered have been chiefly in the nature 
of loss of plants requiring frequent reseeding. In extreme cases a high per- 
centage of the plants die within a year from seeding. The disease herein 
described is believed to contribute importantly to the death of alfalfa plants 
in the area. 

Agricultural Experiment Station, 

University OF Nevada, 

Eeno, Nevada. 



AN ANDEAN DISEASE OF POTATO TUBBES 


M. F. Babrus and a. S. Muller 
(Accepted for publication April 6, 1943) 

While on a trip over the Andes Mountains in Venezuela during Novem- 
her, 1939, the writers, accompanied by 6. E. Molinet, then potato specialist 
of the Agricultural Experiment Station, Ministry of Agriculture and Ani- 
mal Husbandry of Venezuela, found a peculiar disease of potato tubers, 
Imown locally as lula disease,^ in a field and in a storage house at MucucMes 
in the State of Merida. Specimens had been sent previously from this local- 
ity to the Experiment Station at El Valle for examination. 

The affected tubers had warty swellings on the strrface and were other- 
wise misshapen, some being cracked (Fig. 1, A). Cuts aci’oss them at 
various places revealed the presence of numerous brownish-black specks 
throughout the cortex to a depth of 1 cm. or more (Pig. 1, B). Interspersed 
among these and also occurring throughout the pith were other specks, 
light-brown or rusty, which appear to be an earlier stage of development 
than the black ones. No indication of the disease wms observed on the roots 
and stalks, but the plants were mature and most of them were dead at the 
time. It was not determined whether all tubers of a diseased plant were 
affected. At least 10 per cent of those in this field showed the disease. 
Tubers taken to the Experiment Station became reduced within a month to 
a dry, brown, powdery mass containing numerous sporeballs. 

The huba disease was found only on the native varieties, Morada and 
Kosada. The field in which it was found adjoined an area used by the 
Ministry of Agriculture for testing varieties of cereals. The tubers were 
being harvested and the badly affected ones were discarded and left in the 
field. Many of those, affected and not by this disease, bore pustules of 
powdery scab on the surface, while some of them harbored selerotia of 
Ehizoctonia. An examination of tubers in storage disclosed the three 
diseases. 

The disease probably has been present on potatoes of that locality for 
many years. The altitude of the infested field is approximately 10,000 
feet. It was not found in other fields in the State of Merida, having alti- 
tudes of 8000 to 8500 feet, nor in fields in the States of Tachira, Aragua, and 
Miranda at still lower elevations. 

A few references to this disease have been found. Abbott (1, 2) says 
that it is widely distributed in the mountains of Peru where it is the most 
important potato disease, sometimes causing complete loss of many of the 
affected tubers. He ascribes the disease to Spongospora subterranea, the 


1 The Spanish word “bwha” means ^pustule*’ or “small tumor.” It was not 
learned whether the term reters to the disease here described or to powdery scab which 
was also present on the same tubers, or to both. The name appears suffleiently descrip- 
tive to be applicable to the former. The term “La rona” (scab) has been n/ed as the 
Spamsli equivalent of powdery scab. 
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pathogen of powdery scab. His descriptions and illustrations, however, in- 
clude both diseases, so that one is uncertain regarding the importance and 
distribution of the so-called hiiha disease. Chardon and Toro (4) briefly 
mention a disease of potato tubers characterized by peculiar wart-like pro- 
tuberances. It occurred on papa criolla (Solamm sp.), found in a field near 
Rincon de La Venta, State of Merida, at an elevation about 10,824 feet. A 
specimen sent by them to C. L. Shear was determined as Polysaccopsis 
hieronymi (Schroet.) P. Henn., a smut producing galls on stems of Solamim 
sp. in Brazil. A note regarding this specimen occurs in a News Letter of 
the U. S. Bureau of Plant Quarantine, December 1, 1932 (3). From the 
description given there and the source of the specimen, one might conclude 
that the disease on the tubers collected by Chardon and Toro is the same as 
that collected by us. The sporeballs in our specimens, however, are not those 
of a Polysaccopsis, This has been confirmed by John A. Stevenson and C. L. 
Shear from specimens we sent them. Stevenson later sent the senior writer 
a specimen containing sporeballs of the tuba organism from a tuber of 
Solanum tuberosum (probably S, andigenum Juz. et Buk.) collected at 
Puno, Peru, March, 1940, by J. Soukup, and a specimen of a portion of an 
affected tuber from Luis Rodriguez Lz. collected near Quito, Ecuador. 

Specimens of affected tubers collected at Mucuchies were taken to the 
experiment station at El Valle for study. Prepared slides were later made 
at Cornell University by Ruby R. Rice, then a graduate student, from af- 
fected tubers pickled first in 5 per cent formaldehyde solution and later 
transferred to a preserving solution consisting of alcohol, acetic acid, for- 
maldehyde, and water. The specks, or lesions, consist of subglobose, oval, 
or irregular-shaped cavities (Fig. 1, C), ranging in size from about 500-1100 
X 300-750 p, av. 764 x 522 p, in the darker lesions to an average of about half 
this size in the light-brown lesions. A few compound cavities were observed 
where a narrow strand of tissue separates one compartment from another. 
Surrounding some of the smaller cavities are 6 to 8 layers of cork cells, but 
only crushed cells surround the larger ones. Within the cavities are numer- 
ous bodies resembling sporeballs (Fig. 1, D), yellowush-brown, mostly sub- 
globose to ovoid, 16-48 x 12-28 p, av. 28.9 x 22.7 p. These consist of 2 to 8 
cells apparently permanently united, 10-16 x 7-12 p, av. 12.5 x 9.1 p, enclosed 
by a brown verrucose wall, 2-4 p thick. A few sporeballs have only one cell. 
The cells are also subglobose to oval, somewhat flattened next to contiguous 
cells, but are variable in shape and size, even in the same ball. Each has a 
definite wall approximately 1 p thick and a well-defined nucleus (Fig. 1, E). 
The smallest sporeballs contain the fewest cells, and the largest, the most 
(Fig. 1, F). The material surrounding the cluster of cells forms a kind of 
wall for the sporeball and extends also between some of the cells. Although 
it is much thinner there, it appears absent between most of them. 

The cavity of the light-browm lesions contains numerous sporeballs that 
appear to be immature in that they are smaller than those from the darker 
lesions, a little lighter in color and contain fewer cells. Moreover, these 
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sporeballs are surrounded in the cavity by a heterogeneous material absent 
in the darker lesions. The early development of this organism must have 
occurred when the tubers were younger, since no lesions could be found with 
an earlier stage than that described. With increase in size of sporeballs, 
the cavity becomes larger, probably by destruction of the cork cells, which 
cannot be distinguished in the older lesions. The dry, brown, powdery mass 
to which affected tubers succumb contains numerous sporeballs released 
from the cavities. 

Soil was infested at El Valle by mixing it with macerated affected tubers 
and placed in 12-ineh pots. Healthy whole and cut Bliss Triumph tubers 
were planted in this soil. The pots were placed back of the laboratory in 
partial shade and watered frequently. The plants grew well and, when they 
had developed tubers 1 to 1.5 inches in diameter, the tubers were examined. 
A few of the tubers from some of the pots showed the typical lesions of hula 
disease. Uninfested soil produced healthy plants. 

The organism, as examined, does not possess all the characters of any 
described fungus known to us. Before its taxonomic position can be de- 
termined with certainty, it will be necessary to germinate the spores. Ke- 
peated efforts to do this were mostly unsuccessful, but a mycelium that 
developed from some of the sporeballs, was cultured. Small portions of the 
culture were applied to the uninjured and injured surface of young Irish 
Cobbler tubers. This resulted in a decay of the injured tubers without hula 
disease symptoms. 

The writers realize that only a start has been made in a study of the 
disease and its causal organism. As it is impossible at present for either 
writer to continue the study, it seems desirable to present at this time the 
information they have obtained. 

Cornell University, 

Ithaca, New York. 

Escuela National de Agricultura, 

Chimaltenango, Guatemala. 
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SOME MISCELLANEOUS DISEASES OF MUSHROOMS 

A. M. Kligman and J. S. Penny 
(Accepted for publication April 23, 1943) 

FUSARIUM spp. 

F. G. Wood in England has described a mnshroom disease that he at- 
tiribntes to toxins produced by Fusarium species (principally F . solani 
(Mart.) martii (App. and WolL) Woll. (F. martii) and F. oxysporum 
Schl. ) in the easing soil ( 6,7 ) ) . The mushrooms fail to mature properly and 
become stunted, withered mummies with a dry, pithy, discolored interior. 
Wood has worked largely with the brown form of the cultivated mushroom ; 
he has, however, found the white mushroom, also susceptible, with a resultant 
rapid rotting. 

It was thought at first that a disease similar to this occasionally occurred 
in beds in the Kennett Square area. Cultures of Fusarium solani var. martii 
and F. oxysporum were isolated directly from infected pine seedlings.^ Both 
species sporulated abundantly on a rye grain medium ; hence, inoculated rye 
grains were used in infection studies. Pure-culture spawn of the brown 
and white varieties was packed into glass troughs following Wood’s tech- 
nique. The troughs were then cased with infested soil. No diseased mush- 
rooms appeared. On many occasions mushroom beds were infested heavily 
in the beginning, middle, and end of the crop. Both temperature and 
humidity were varied. In no ease was an infection detected. 

In the writers’ opinion, Wood’s experiments do not show conclusively 
tha.t Ftisarium species cause the condition he has described. Wood empha- 
sized the fact that the disease usually occurs under conditions of poor venti- 
lation and a heavy crust in the casing soil. It is possible that these condi- 
tions themselves are responsible for the damage. Unfavorable casing soil 
is known to reduce the yield and increase the amount of ‘‘trash” or small 
mushrooms that do not mature. Fusarium species are extremely wide- 
spread in soils and may frequently be isolated from normal easing soil. 
There is yet no positive evidence, at least in America, that their presence in 
casing soil causes the injury described by Wood. 

MUMMY DISEASE 

Mummy disease usually appears during the last stages of the crop and 
generally is restricted to one or several beds. The diseased mushrooms fail 
to develop and remain as dry, leathery, mummies. The pileus is small, 
brownish, frequently tilted to one side with hard abortive gills (Pig. 1, D). 
The stems are bent, spindly, and shriveled. : Internal tissue is tough, 
leathery, dry, and whitish, and with some discoloration at first in the base 
of the stem. Longitudinal sections frequently reveal soft discolored pits, 
streaks, and channels in the tissue of the cap and stem (Pig. 1, B). Later, 

1 Cultures furnished by H. Tint of the University of Penna. 
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the tissue becomes uniformly discolored and softer (Pig. 1, C). Greenish- 
giay bacterial slime often lies in the discolored areas. Globules of slime 
sometime occur between the gills (Pig. 1, E). Fseudomonas fluorescens 
Mig. was consistently isolated from the slime. The base of the stem is fre- 
c[uently swollen and covered with a velvety w^hite overgrow^th of mycelium. 
The disease appears suddenly on a small area and spreads rapidly in both 
directions until the whole bed is infected. 

Shortly after this study was begun, it wms learned that Tucker'’' in Mis - 
souri had already described the mummy disease without determining the 


Fig. 1. A. Mummied muslirooms showing swollen base and dwarf cap. B and 0. 
Interior of mummies showing pits and discoloration. D. Characteristic mummies. 
E. Bacterial slime on gibs of a mummied mushroom. F. Bacterial pit.^^ The injury 
is probably caused by a mite. G. Interior of mummies collected in Missouri by J. B. 
Koutien. 

causal agent ( 6) . He isolated a number of fungi and bacteria from infected 
musbrooms but was unable to show that any of these caused the disease. 
The writers have had similar negative results. Organisms isolated from 
the soil around infected mushrooms likewise produced no evidence of infec- 
tion in inoculation tests. 

Once the disease has appeared, its spread down the bed may be pre- 
vented by digging a trench 1 foot wide across the bed. A trench should be 

2 Personal correspondence with J. B. Eoutien, University of Missouri, established the 
identity of the Missouri disease with the one in Pennsylvania. 
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A WATEE SOLUBLE PROTECTANT FUNGICIDE 
WITH TENACITY’- 

Albert E. Dihond,^ John W. Hexibeeger,” 

AND James Gt. Hokseall 
(Accepted for publication August 12, 1943) 

Since protective fungicides must resist rain in order to function during 
infection periods, they usually have been selected on the basis of "water 
insolubility. Water insolubility imposes the limitation that the protectants 
have to be composed of discrete particles. Discrete particles cannot produce 
a complete coverage over the surface to be protected. Inevitably, spaces 
are left between. 

A new protectant fungicide has been discovered that is water-soluble. 
It goes into solution in vrater and forms a clear yellow liquid, which exhibits 
a small degree of capillary activity. The combination of the two properties 
of water solubility and surface activity permits the formation of an invisible 
film type of coverage. Thus, there are no spaces between particles, since 
there are no particles, and the capillary activity promotes wetting and 
spreading actions that assure smaller spaces between droplets than in the 
case where water is used as a vehicle for carrying particles. When the 
deposit on the foliage dries, it becomes water-insoluble, hence, resistant to 
removal by rain. 

The compound is disodiuin ethylene bisdithiocarbamate, the preparation 
of which has been described recently by Hester.^ The fungicidal properties 
of the compound were discovered in January, 1941, when it was selected 
in the laboratory through bio-assay from 258 organic compounds tested that 
month. It has been developed under the code number of Hel75. Chemi- 
cally, of course, the compound is related to the salts of dithiocarbamic acid, 
which "were originally described as fungicides by Tisdale and Williams^"^ and 
later by Tisdale and Flenner.® 

Dithioearbamic acid has the formula: 

H 

\ 

N— C— S— H 



1 Approved for publication by the Director of the Connecticut Agricultural Experi- 

ment Station. Part of the research project conducted in cooperation with the Crop Pro- 
tection Institute. Cost of publication of this paper was defrayed by the Crop Production 
Institute. The writers wish to express their thanks to Dr. W. E. Hester of Bohm & Haas 
Company, Inc., Philadelphia, Pa., for providing the experimental samples of disodium 
bisdithiocarbamate. ^ 

2 At jiresent assistant Professor of Botany, University of Nebraska, Lincoln. 

3 At present Associate Plant Pathologist, University of Delaware, Newark. 

4 Hester, W. F. Fungicidal composition. IT. S. Patent 2,317,765. 1943. 

5 Tisdale, W. H., and I. Williams. Disinfectant. XJ. S. Patent 1,972,961. 1934, 

<5 Tisdale, W. H., and A. L. Flenner. Derivatives of dithiocarbamic acid as pesticides. 
Ind. and Eng. Ghem. 34 : 501-502. 1942. 
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Two nioleeules can be joined through sulphur atoms by reaction, of a 
dithiocarbamate with sulphur chloride or an oxidizing agent. By way of 
example, an N-dimethyl dithiocarbamate yields tetramethyl thiuram di- 
sulphide: 

CHa CHs 

\ / 

N" — C — S — S — C — N 

CHa^ S I \Ha 

This compound is sold as a fungicide under the names of Thiosan and 
'^Arasan.'’ The ferric salt of dimethyl dithiocarbamic acid, ferric dimethyl 
dithiocarbamate : 




CHs 

( 

\ 

/ 

N- 

_C— S— Pe— S— C— N 

/ 

II 1 II \ 

CH3 

s s s < 


c=s 


N 

CH3/ \CH3 

is sold to the trade under the name of ^‘Fermate/^ 
Disodium ethylene bisdithiocarbamate : 


Na— S— C— NCH2— CH2— N— C— S— Na 

II I I II 

S H H S 

differs from the above dithiocarbamic acid derivatives in that two molecules 
of dithiocarbamic acid are joined not through sulphur, but through a 
divalent hydrocarbon group attached to the nitrogen atom of the respective 
thioearbamate radicals. 

The important practical difference between the new compound and other 
derivatives of dithiocarbamic acid is its water solubility, its film-forming 
ability, and its property of becoming water-insoluble on drying. Both 
tetramethyl thiuram disulphide and ferric dimethyl dithiocarbamate are 
particulate protectants. The deposit of the latter is coal black and hence 
objectionable on many plants. Of course, ordinary sodium dimethyl dithio- 
carbamate is soluble in w^ater like disodium ethylene bisdithiocarbamate, 
but sodium dimethyl dithiocarbamate is not capable of becoming insoluble 
on drying. 

A dried deposit of the compound shows the same peculiar double-maxi- 
mum toxicity curve that was described by Dimond et aU toT tetramethyl 
thiuramdisulphide. This peculiar situation permits the compound to have 

'Dimond, A. E., J, G. Horsfall, J. W. Heuberger, and E. M. Stoddard. Eole of tire 
dosage-response curve in the evaluation of fungicides. Conn. Agr. Exp. Stat. Bull. 451. 
1941.. . ■ . ' ■ , 



1943] Dimond et al. : Soluble Protectant with Tenacity 1097 

three IjD50 values, when one is the rule. The material, therefore, cannot 
be compared to another compound as usual by means of equal LD values. 

Tenacity is equally difficult to assay biologically. At present, the com- 
mon bio-assay for tenacity is to take a ratio of the LD50 values of a com- 
pound before and after a standard wash, according to Ileuherger^s pro- 
cedure.^ Since disodium ethylene disdithiocarbamate has three LD50 
values, it is possible to have a higher LD50 value after washing than before, 
and this has happened in testing. Nevertheless, disodium ethylene bis- 
dithiocarbamate resists weathering well in the field. 

In our tests disodium ethylene bisdithiocarbamate has given promising 
control of Diplocarpon rosae and Sphaerotheca pannosa on roses, Venturia 
inaequalis on apple, Cercospora apii on celery, and PytMum tiUirmcm on pea 
seeds. Because of the surface activity of the material, drain-off during 
spraying occurs sooner than for most protectants. Hence the deposit does 
not build up as well as that for the particulate protectants. This drain-off 
is particularly noticeable on easily wetted foliage, like that of potato and 
tomato. Probably for that reason the material has not given as satisfactory 
control as expected for Alternaria solani on tomato and PliytopktJiora infes- 
ians on potato. 

The compound has shown little phytotoxicity. There has been a faint 
suggestion of minute light-colored spots on roses, but their effect was neg- 
ligible at effective dosages. 

The properties of the compound suggest several possible uses. It should 
prove useful to cherry and peach growers for application to near-ripe fruit, 
where residues are objectionable. In war time it would be of interest to 
gardeners who have sprayers without agitators, since the material does not 
settle out of suspension. It might prove interesting on onions where the 
foliage is difficult to wet. It should appeal to growers of ornamentals 
because of the absence of conspicuous residue. 

Department of Plant Pathology and Botany, 

Connecticut Agricultural Experiment Station, 

New Haven, Conn. 

8 Heuberger, J. W. A laboratory biological assay of tenacity of fungicides, Phyto- 
patli. 30: 840-847. 1940. 



CONTROL OF SOIL-BORNE ORGANISMS THAT CAUSE 
ROTS OP GARDEN PEAS 

M . F . Babb and G . W . B o h n i 
(Accepted for publication March 16, 1943) 

INTROBXJCTION 

In certain t3^pes of plij^siological investigations with garden peas (Pisum 
sativum L.) it is desirable to grow the plants in soil- jar cultures. When 
somewhat alkaline field soils (pH 7.2 to 7.7) at the Cheyenne (Wyoming) 
Horticultural Field Station are used for this purpose it is often difficult to 
secure good stands of plants because of seed and seedling diseases. The dis- 
eases also occur in the field at the Cheyenne Station, but seldom reach epi- 
demic proportions. Preliminaiy pathogenicity work indicates that several 
diseases ma,y be involved. A virulent oomj^cete and a pathogenic species of 
Fusarnim have been isolated from diseased plants grown in the field and in 
nontreated field soil placed in jars in the greenhouse. These and certain 
other isolated bacteria and mold fungi are being studied further. That 
several organisms may be involved is not unexpected because many species 
are known to be associated with seedling and root diseases of peas. Harter, 
Zaumeyer, and Wade^ listed 9 organisms causing root rots of peas and stated 
that others may occur. Following repeated failures to obtain good stands 
from pea seeds treated with the commonly recommended seed fungicides 
(Ceresan, Semesan, Spergon), two experiments were set up to determine 
the most suitable method of obtaining good stands of peas in soil- jar cultures 
by treating the seed or soil, or both, with various sterlizing agents. 

materials AND METHODS 

The tests were conducted in the Station greenhouses during the winter 
of 1941-1942. Temperatures ranged from 75° F. to 85° F. during the dsij 
and from 60° F. to 70° F. at night. The soil used for the treatments came 
from a station field where the diseases were known to occur. All of the 
chemical soil treatments (table 1) were applied directly to soil in 2-gaL, 
glazed, earthenware jars provided with drainage holes. Small rocks, 
covered with a thin layer of sphagnum moss, were placed in the bottom 
of each jar to facilitate drainage. Three soil samples, designated as Libby 
Plat, Pole Mountain Creek, and Laramie Airport, came from areas never 
before cultivated and relatively remote from cultivated areas. These 
samples were left untreated for comparison with the treated and nontreated 
station soil. The seed treatments were applied by shaking the seeds with an 
excess of the specified dust. 

Ghcyeiiiio Hoi'tk'ultiiral Field Station, Division of Fruit and "Vegetable Crops and 
Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agrieultural 
■Research Administration, XI. S. Department of Agrieultlirc. 

2 Harter, L. Tj., W. J. Zaumeyer, and B. L. Wade. Pea diseases and their control. 
XT. B. Agr. Farmers’ Bull. 1735, 24 p, 1934. 
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Pour jars were used for each treatment, and the treatments were ran-- 
domized on a greenhouse bench. Thirty peas of the Laxtonian variety were 
sown in each jar. No record was taken of the time of emergence of the 
plants. However, emergence was rather uniform in the checks and bene- 
ficial treatments, but was delayed in certain of the injurious treatments. 
The plants were allowed to growuntil they were in bloom, when counts were 
made of those surviving. Two series of tests were made. In the first, either 
the soil or the seed was treated; in the second series the most successful soil 
and seed treatments of the first were used alone and in combination. The 
nature of the treatments together with the results of the two series of tests 
are summarized in table 1. 

DISCUSSION 

The treatments are listed in table 1 in the order of their effectiveness in 
controlling the diseases as shown by plant survival. The order of listing 
the treatments was determined in some cases by only one test ; but in those 
instances where a treatment was repeated the order of listing was deter- 
mined by averaging the results of two tests. 

The average plant survival for the cheeks in the two tests was low or 
ranked in 20th place among the 30 treatments. There was, however, con- 
siderable difference in plant survival between the checks in the two tests. 
As all seed came from the same package but the soil from different parts of 
the field, this variation in survival suggests that the diseases were soil-borne 
and that there was a difference in the kind or abundance of parasites in 
various parts of the field. There was also a considerable lapse in time 
between the first and second tests during which the soil was exposed to the 
action of the sun and drying winds. It is possible that these factors also 
had some effect on soil infection. 

Treatment of the soil in 2-gallon jars with 1 liter of a 1/50 dilution of 
40 per cent formaldehyde (1),® with live steam for 6 hours (4), or with 2.2 
oz. of chloropierin (9) yielded good stands of peas. Treatment of the seed 
with New Improved Ceresan (12), Semesan (13), Spergon (15), or Eed 
Cuprocide (19) gave less satisfactory control. Spergon did not affect the 
efficiencies of the soil treatments (5, 6, and 7). New Improved Ceresan 
apparently caused injury when used in combination with these soil treat- 
ments (18, 22, 24). 

The good stands of plants obtained from nontreated seeds in steamed 
soil (4), in nontreated, virgin soils from Laramie Airport (3), Libby Flat 
(10), and Pole Mountain (11), and in sphagnum moss (8) in comparison 
with the poor stands secured in soil from the station experimental field (20) 
indicate that the diseases were largely soil-borne. There was little indica- 
tion of any seed-borne diseases. This conclusion is further substantiated 
by the very poor stands obtained in the soil and sphagnum moss mixture 
(28), and from the fact that the seed treatments alone (12, 13, 15, 19) failed 
to control the disease as well as did the effective soil treatments (1, 4, 9). 

3 Figures in parentheses refer to treatment rank given in table 1. 



A NONINFECTIOUS HBEITABLE LEAF-SPOT AND SHOT-HOLE 
DISEASE OF THE BEATY PLTJM^ 

G.O.SMlTHANDL.C.GOCHEAlSrS 

(Accepted for publication March 9^ 1943) 

Several iioiitraiismissible, tissue-perpetiiated, virus-like abnormalities 
have been observed on Prunns plants. Kinman^ described a trouble on 
sweet cherry, in California, locally known as crinkle leaf’’ and character- 
ized by variegation and malformation of the leaves and a sparse set of 
small, misshapen fruits. Nursery stock grown from buds from affected 
trees perpetuated the trouble, and affected orchard trees top-worked with 
cions from normal trees developed normal tops. BlodgetP described a leaf 
spot of the Italian prune associated with defoliation and severe decrease in 
vigor. This disorder was similar to that of the cherry in that it was per- 
petuated in the growth from diseased cions, but was not transmitted to the 
healthy stocks. 

A disease, apparently of the same class as the two listed above, has been 
under observation for a number of years in seedlings of the Beaty plum. 
These seedlings were in a planting at the University of California Citrus 
Experiment Station, Eiverside, and were grown from pits from a tree that 
was purchased from a Texas Nursery Company under the variety name of 
El Paso. This variety is listed by WighP as a synonym of the Beaty plum, 
a hybrid Fnmits mgustifolia varians and P. munsoniana. Certain 

of these seedlings have shown spots and shot holes in their leaves (Pig. 1, A) 
annually, while others have remained free. 

The affected seedlings varied greatly in symptom expression, some being 
severely and others only mildly affected. Early spring growth on the 
affected trees appeared to be normal. As the season progressed, the older 
leaves at the base of the shoots developed translucent flecks that rapidly 
enlarged. The centers of these spots turned brown (Pig. 1, B) , and in the 
majority of eases, the brown areas separated from the rest of the leaf at a 
definite line of cleavage and dropped out. The resultant shot-hole effect 
developed progressively toward the apex of the shoots, and, by midsummer, 
when growth had become slower, the foliage appeared riddled with holes 
(Pig. 1, A). The spots and holes ranged from pin-point size to a diameter 


1 Paper No. 492, University of California Citrus Experiment Station, Riverside, 

California. . . ^ 

2 University of California Citrus Experiment Station, Riverside, California, and the 
Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Agricultural Research Administration, U. S. Department of 

^^^^3Ninm*an C. F. A study of some unproductive cherry trees in California. Jour. 
Agr.Res. [U. S.] 41: 327-335. 1930. ^ ^ ^ ^ 

4 Blodgett, Earle C. A leaf spot of Italian prune perpetuated in budded stock. 

Phytopath. 30: 347-348. 1940. . , « ,• * • • tt q 

5 Wight, W. F. The varieties of plums derived from native American species. U. 

Dept. Agr. Bull. 172: 1-44. 1915. 
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Fig. 1. Leaves of Beaty plum seedling, showing leaf spots and shot holes. A. Shot 
holes in an advanced stage. B. Shot holes in leaves on shoots from buds that had been 
taken from a diseased tree and budded into peach stock. 0. Shot holes showing the zone 
about a dark center. 
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of 1 to 2 mm., the size being inversely proportional to the number on the 
affected leaf; they were usually circular, but were often of irregular shape 
where they coalesced or occurred near or in the angles of veins. 

The shot-hole condition described above is not macroscopically distinct 
from that caused by the fungus Coryneum beijermcMi Oud., but it develops 
at a season unfavorable to the fungus. Cultures from the spots yielded no 
organisms known to cause such injury. This condition is distinguished 
from a transmissible ring-spot and shot-hole condition described by Cochran 
and Hutchins® on peach, as will be shown from the evidence presented later 
in this paper. 

An attempt was made to inoculate the following species of Prunus with 
buds taken from a severely shot-hole-affected seedling of Beaty plum: 
Prumis armeniaca L., P. angustifoUa M.SiYs\ P. communis Pritsch, P. 
cerasifera Bhrh., P. liortulama Bailey, P. mexicana Wats., P. munsonimia 
Wight and Hedr., P. mume Sieb. and Zucc., P. orthosepala Eoeline, P. 
umbellaia Ell., P. persica Sieb. and Zucc., as well as healthy seedlings of 
Beaty plum. In no ease did any of the stocks show symptoms indicating 
transmission. The initial leaves on shoots from the inoculation buds at first 
appeared healthy, but they later developed typical spots and shot holes 
(Fig. 1, C) characteristic of the affected mother tree. 

Cions taken from the original parent Beaty plum, which had shown no 
symptoms, were top-worked onto the seedlings showing the shot-hole con- 
dition. None of the growth from the cions showed any shot holes, whereas 
the leaves of these seedling understocks were riddled with holes. 

The nontransmissibility of the disorder, the absence of shot-hole symp- 
toms on the parent tree and on some of the seedlings, and the variation in 
intensity of symptoms on the affected seedlings suggest that the shot-hole 
condition is a genetical abnormality that segregates among the progeny. 
The parent tree, as previously stated, was known to be a hybrid. While the 
symptom characters of the disease simulate those caused by some viruses, the 
nontransmissible nature of the trouble precludes its inclusion in the class 
of known virus diseases. 

6 Gocliran, L. C., and Lee M. Hutcliins. A severe ring-spot virosis on peacli. (Ab- 
stract) Pliytopatli. 31: 860. 1941. 



SEVERE POTATO LATE-BLIGHT INFECTION IN 
SEBAGO TUBERS" 

G-. H. Rieman ahb John S. McFablane 
(Accepted for publication April 15, 1943) 

The new Sebago potato variety has proved to be moderately resistant to 
late blight caused by Fhytophthora infestans (Mont.) de Bary. In re- 
peated tests for 10 years, very few Sebago tubers developed late-blight rot 
under natural field conditions where susceptible Green Mountain potatoes 
developed from 20 to 70 per cent decay. ^ In contrast with these findings, 
exceptionally severe tuber decay caused by P. infestans was observed in 
Sebago potatoes grown in a series of field trials in Central "Wisconsin in 1941. 

Northern-grown foundation seed stocks of Sebago and Russet Rural 
varieties were planted side by side in rows through the center of commer- 
cial Russet Rural fields on 19 representative sandy soil farms in Central 
Wisconsin in June, 1941. Most of the fields jvere neither sprayed nor 
dusted for blight control, and late-blight infection was first observed on 
Russet Rural vines in mid-August. On September 1 a general late-blight 
epidemic was in progress, which continued with increasing severity during 
this month. The vines of the Sebago variety gradually became infected, 
but at a much slower rate than did the Russet Rural vines. No frosts had 
occurred up to the first week in October when the paired rows of Sebago and 
Russet Rural potatoes were harvested. The vines were still partly green at 
harvest time at most of the locations. The paired rows of the two varieties 
were dug by hand during a period of frequent showers. Very little tuber 
decay was observed in the field. Yield records were taken on five 25-hill 
replicates in each row and a composite sample of U. S. No. 1 size tubers was 
set aside for further study. These samples were handled in bushel baskets 
and stored in a commercial potato warehouse for a period of two months. 

Many of the tubers of both varieties became badly decayed and covered 
with typical mycelium mats and fruiting bodies of PJiytophthora infestans 
during the storage period. The stored tubers were washed and carefully 
examined for late-blight tuber rot. The weights of healthy and of infected 
tubers were taken for each sample. It can be noted readily from the data 
presented in table 1 that the Sebago tubers showed more rot than did the 
Russet Rurals. This is most unusual in the light of numerous convincing 
reports of high late-blight tuber-rot resistance for the Sebago variety.^ 
Furthermore, it was found in cutting the potatoes in the various samples 
that the extent of decay was much greater in the Sebago tubers than in the 
Russet Rurals (Fig. 1). 

1 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station as Paper No. 314 from the Department of Greneties. 

2 Bonde, Beiner, P. J. Stevenson, and C. E. Clark. Resistance of certain potato varie- 
ties and seedling progenies to late blight in the tubers. Phytopath. 30: 733-748. 1940. 

« Wise. Agr. Bxpt. Stat. Ann. Rpt. Bull. 443: 6. 1939. 
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TABLE l.--LateU^U tuher rot occurring in l9 paired trials of Sehago and Musset 
Mural grown %n Central Wisconsin in 1941 




Sebago 

Russet Rural 

Grower 

Healthy 

tubers 

Diseased 

tubers 

Diseased 

Healthy 

tubers 

Diseased 

tubers 

Diseased 


11). 

Ih. 

Per cent 

Ih. 

Ih. 

Per cent 

1 

20 

30 

60 

23 

28 

55 

2 

48 

1 

2 

1 48 

0 

0 

3 

53 

1 

2 

48 

4 

8 

4 1 

50 

2 

4 

49 

3 

6 

5 

36 

10 

22 

47 

4 

8 

6 

5 ■ 

46 

90 

25 

28 

53 

7 

17 

35 

67 

35 

13 

27 

8 

52 

3 

5 

54 

1 

, 2 

9 

20 

31 

61 

23 

28 

55 

10 

41 

9 

18 

52 

2 

4 

11 

10 

42 

81 

11 

39 

78 

12 

28 

25 

47 

35 

17 

33 

13 

16 

34 

68 

48 

4 

8 

14 

19 

28 

60 

18 

32 

64 

15 

43 

10 

19 

48 

5 

9 

16 

7 

44 

86 

9 

43 

83 

17 

42 

7 . 

14 

46 

5 

10 

18 

38 

14 

27 

31 

20 

39 

19 

50 

0 

0 

44 

5 

10 

Total 

595 

372 

38 

694 

281 

29 


The amount of tuber decay found in the susceptible Eusset Eurals was 
not unusual for the season and agreed with grower experiences in the test 


area. The question arises as to the cause of the high late-blight tuber-rot 
infection observed in the Sebago variety in this series of field trials. Varia- 



FiGr. 1. Typical tuber decay caused by Phytophthora infestans in two potato varie- 
ties grown side by side in the field and stored for two months under identical conditions. 
A. Cross section of Sebago tuber showing severe dry rot decay. ; B. Cpss^ section of Rus- 
set Rural tuber showing an average amount of dry rot decay in a standard susceptible 
variety.' ' " 
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tions in fielcPplot technique and storage are probably unimportant in deal- 
ing with this problem, since the experiment was so conducted as to give each 
variety identical treatment in the paired trials. The Sebago late-blight 
susceptibility to tuber rot noted in these tests could have developed in 3 
different ways. 1. Tuber infection could have taken place early when the 
tubers were young and susceptible. However, had this been the case, con- 
siderable tuber decay should have been evident at harvest 2. The Sebago 
vines were in much better condition than those of the Russet Rurals through- 
out the epidemic. Under these conditions the Sebago tubers may have been 
more immature than the Russet Rural tubers and, therefore, more subject 
to bruising during the harvesting operations. Fresh, actively sporulating 
growth of the pathogen was pi’esent on the vines in most of the fields, and 
there was ample opportunity for tuber-wound inoculation. 3. A consider- 
able portion of the growing season was exceptionally favorable for the dis- 
ease. During this extended period more virulent strains of the pathogen 
may have developed on the partly resistant Sebago host.^ This would 
account for both the high percentage of tuber infection and the greater 
extent of tuber decay found in the Sebago variety. 

Wisconsin Agricultueal Experiment Station, 

Madison, Wisconsin, 

4 Mills, W. E. Adaptive parasitism of Phytophtliora infestaiis. Pliytopatli. 30 • 
17. 1940. 

Eeddiek, B., and W. Mills. Building up virulence in Phytoplithora infestaiis. Amer. 
Potato Jour. 15 : 29-34. 1938. 



ANNOUNCEMENT 


Dissolution of the Tropical Plant Research Foundation . — At a meeting 
on Apiil 21, 1943, of the Board of Trustees of the Tropical Plant Research 
Foundation in Washington, D. C., decision was reached to dissolve the Foun- 
dation and assign its resources to other organizations more actively engaged 
in tropical research. The large library, including the life-time collections 
of the late AVilliam Allen Orton, was presented to the Inter-American Insti- 
tute of Agiicultui'al Sciences at Turrialba, Costa Rica, and dedicated as a 
memorial to Dr. Orton. Residual funds were given to the National Research 
Council. It is contemplated that these, together with proceeds from the 
sale of certain publications given to the Pan American Union, may be used 
in support of Latin American educational and research programs. 



Fig. 1. Bi'onze tablet in memory of Dr. William Allen Orton presented with his 
library to the Inter-American Institute of Agricultural Sciences, Turrialba, Costa Rica, by 
the trustees of the Tropical Plant Research Foundation at their final meeting disbanding 
the Foundation. 

The Foundation was dependent upon grants for specific projects from 
interested business or official agencies, but has been inactive for a number 
of years. Its extensive researches during the 1920’s for the Cuban sugar 
industry and its agricultural and forestry surveys in several countries have 
contributed materially toward sound organization of the present inter- 
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American agricultural researeh. programs. The remaining trustees of the 
Foundation were L. R Jones, president of the board, William Crocker, 
acting director and general manager, E. A. Harper, Herbert Osborn, and 
S. C. Prescott. 

The vision and pioneering activities of Dr. Orton in the advancement of 
agricultural investigations for improvement of inter-American economic 
relations were reviewed at the meeting and subsequently expressed on a 
bronze tablet accompanying his library to Turrialba. As one of the organ- 
izers, a charter member and former president of the American Phytopatho- 
logical Society^ this tablet presents a fine tribute and enduring reminder of 
his contributions in a broader field during his later years. Since so few 
will visit Turrialba in the near future at least, a photograph (Pig. 1) of 
the memorial tablet is reproduced with this notice. — ^E. D. Bands, Rubber 
Plant Investigations, Plant Industry Station, U. S. Department of Agricul- 
ture, Beltsville, Maryland. 

iJoiies, L. E. William Allen Orton, 1877-1930. Phytopatli. 21: 1-11. 1931. 



ABSTEACTS OF PAPEES ACCEPTED FOR PRESENTATION AT 
THE THIRTY-FIFTH ANNUAL MEETING OF THE SOCIETY 
COLUMBUS, OHIO, DECEMBER 4 TO 6, 1943 

Blossom Drop of Wax Beans Meduced ly Growth Substances. Allen T. C. Ells- 
WORTH Fisher, and A. J. Riker. Bud, blossom, and pod drop have caused varying yield 
^eans depending on conditions. These physiological diseases in north- 
western Wisconsin have been associated with attacks by Lygus sp. insects and with long, hot 
prevent abscission^ layer formation, growth substances were applied. 

Jj leld dusts with naphthalene acetic acid at 140 p.p,ni. increased yields 15 per cent in 1942. 
This^ material at 40 p.p.m. gave a 15 per cent field increase in 1943, Other compounds 
applied as dusts were less effective. In some trials yields were decreased because of 
chemical or mechanical injury. None of the sprays used was beneficial; some were harm- 
ful. Naphthalene acetic acid when too strong induced leaf symptoms suggesting virus 
infection. To study drop and its prevention by growth substances in greenhouse trials, 
abscission layers were stimulated in both bean petioles and pedicels by a day’s treatment 
with illuminating gas. Effective treatments started with about one part of gas in 135 
parts^ of air at about 29° 0. The growth substances tested were comparable in effective- 
ness in greenhouse and field, suggesting that perhaps other abscission diseases may be 
studied advantageously with illuminating gas along with growth substances. 

Action of Clavacin on Certain Fhytopathogenie Bacteria. ANDERSOisr, II. W, A 
myeogenous bactericide, named clavacin by Waksman, was tested against a number of 
phytopathogenie bacteria. A strain of Aspergillus clavatus, furnished by Waksman, was 
used in the production of the test clavacin. The sterile, unconcentrated filtrate contained 
approximately 4 Oxford units per ml. Twenty bacterial species were used, representing 
7 species of Xanthomonas, 5 of Pseudomonas, 5 of Corynehacterium, 2 of Agrohacterium, 
and 1 Bacterium (B. stewarti) . A standard strain of Staphylococcus aureus was included 
for comparison. Results were expressed in per cent of filtrate necessary to; (1) kill 
bacteria (lethal dose), (2) inhibit growth (bacteristatie action) in dextrose broth. On 
plates the potency was determined by measuring the cleared rings. Lethal dose for vari- 
ous species varied from 2 to 6 per cent. Four species were killed at 2 per cent or less, 9 
at 4, and 2 species at 6. Five were not killed at 6 per cent, but bacteristatie action was 
observed in these at 4 per cent. Bacteristatie action ranged from 1 to 4 per cent, but 10 
of the 20 species were inhibited at 1 per cent or less and seven between 2 and 3 per cent. 
Fifteen of the 20 organisms were Gram negative. There seemed to be no relation between 
lethal or bacteristatie doses and reaction to the Gram stain. Bacterium stewarti and 
Xanthomonas pruni -were most sensitive. Staphylococcus aureus reacted in much the 
same way as these 2 phytopathogenie, Gram negative bacteria in both cell and dilution 
methods of testing. Penicillin was entirely ineffective against Xanthomonas pruni. 

Pathogenicity for Tobacco of Some Bacterial Isolates Aniigenically Similar to Bac- 
terium tabacum. Beach, W. S., and Paul Sacco. Comparative pathogenicity for 
tobacco was determined for 62 cultures of bacteria selected from a series of 603, isolated 
by Reid et al. (Penn. Exp. Stat. Bull. 422, 1942) from healthy clover and tobacco and 
tobacco soils. They reported these 603 isolates among others to have similar agglutina- 
tion reaction with Bacterium tahacum used as the antigen. Following heavy atomization 
of succulent leaves of Pennsylvania Broadleaf tobacco, 36 isolates, including some from 
each stated source, produced typical wildfire spots, while 26 isolates gave no apparent 
infection. A few of the latter, however, showed slight invasion when leaf tissues were 
water-soaked by a forced spray. These few possibly represent strains of Bact. angulatmn 
of low virulence. Isolates showing weak wildfire infection acquired greatly increased 
virulence by 7 daily passages through either of two liquid media, one composed of mineral 
salts and 5 per cent asparagin, the other of unheated tobacco juice and 2.5 per cent as- 
paragin. The increased virulence appeared due to greater abundance of the halo-produc- 
ing toxin. The initially non-inf ectious isolates acquired no appreciable degree of patho- 
genicity by passage through these media. This non-inf ectious. character of a large 
proportion of the isolates is further evidence that similar agglutination may not signify 
similar pathogenicity. The isolation of Pact, tahacum from soil tends to substantiate 
field observations that this pathogen overwinters in Pennsylvania soil. 

Scab of Bnglish Ivy Caused by Sphaceloma. Bitancourt, A. A., and Anna E. 
Jenkins A leaf scab of English ivy (Eedera helix L.) has been discovered in southern 
California, whence specimens from the vicinity of Los Angeles, Mar Vista, and Upland, 
eolleeted in 1940-1943, have been communicated by H. S. Fawcett. In March of the 
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current year the disease was found in Sao Paulo, State of Sao Paulo, Brazil. The spots 
are few to numerous, scattered or confluent, oeeasionally present on veins, usually circular, 
but sometimes irregular, on the lower leaf surface 1 to 5 mm. in diam., more or less 
abruptly raised, sometimes depressed at the center, brown, often Verona brown to warm 
sepia, sometimes ecru drab j above, less prominent and smaller, 1 to 2 mm. in diam., with 
abruptly raised margin, sometimes purple-bordered to the/extent of the spot above.^ This 
disease evidently is caused by Sphaceloma which is present on the spots and which has 
been isolated from the specimens from Mar Vista and Sao Paulo. 

Two Neiv Viruses Transmitted ly Agallian Leaf Hoppers. Black, L. M. The dis- 
covery that of the two agallian leaf hoppers, Aceratagallia sanguinolentci and Agallia 
constricta, only the former transmits the New York variety of potato yellow-dwarf virus 
and only the latter transmits the New Jersey variety suggested that other agallian leaf 
hoppers might be carrying other yellow-dwarf viruses in nature. To test the hypothesis, 
Agalliopsis novella was selected for investigation. Collections were made with the col- 
laboration of P. W. Oman. When this species was tested on crimson clover, two new 
viruses were revealed. One of these is transmitted only by Agalliopsis novella and the 
other by this species and also by Agallia constricta. The relationships of the new viruses 
are uncertain. 

On the Survival of Gorynehacterium sepedonicum under Various Storage Conditions. 
Bonde, Eeinter, and S. P. Snieszko. Samples of two potato soils from Aroostook County, 
Maine were sterilized in bottles and inoculated with pure cultures of Gorynelacterium 
sepedonicum or crude cultures in form of crushed ring-rot-infected potato tubers. Bottled 
inoculated soils were buried in November in the ground in Aroostook Parm and left until 
the end of May. In spite of precautions, sterilized soils in many bottles became infected 
with various soil microorganisms. Prom the soils inoculated with pure cultures, C. sepedo- 
nmim was recovered in 7 out of 18 eases in Washburn loam and in only one out of 18 in 
Caribou loam. Potato seed pieces infected through placement in some of the soils inocu- 
lated with pure cultures, produced ring rot-infected plants. In none of the 36 soil samples 
inoculated with crushed infected potato tubers could the presence of virulent or viable C. 
sepedonicum be demonstrated. Also, small pieces of cotton and jute potato bags were 
sterilized and inoculated with pure and crude cultures of C. sepedonicum and stored under 
various conditions since November. Only from samples inoculated with pure cultures 
were viable and virulent cultures of C. sepedonicum recovered 4 to 9 months later. 

The Influence of Guttation Fluid oh Pesticides. Curtis, Lawrence C. Guttation 
water, collected from different vegetable plants, was shown to contain varying amounts of 
total solids about half of which was of an organic nature. The guttation fluid, when 
sprayed on glass slides previously coated with Bordeaux mixture and yellow copper oxide, 
increased to a marked degree the per cent of inhibition of spore germination of Macro- 
sporium sarcinaeforme. Various concentrations of different salts gave similar results. 
Experimental evidence supports an hypothesis to explain how the copper in Bordeaux 
mixture is rendered soluble by the guttation water and how this soluble copper enters the 
leaf to cause injury to susceptible plants or to prevent tipburn on potato plants. 

Deleterious Fffects of Guttated Fluids on Foliage. Curtis, Lawrence 0. Both in 
the field and greenhouse it wms observed that 3 things may happen to the guttation drop 
on plants: (1) it may roll off, (2) it may evaporate, and (3), as most frequently happens 
on undisturbed plants, it may be sucked back into the leaf. When neutral red crystals 
were placed in the guttation drop of maize and squash plants, the drop was immediately 
sucked back into the leaf, and the vascular system of this leaf was stained for a distance 
of 1 to 2 inches. 

An hypothesis is advanced to explain tip burn. When the guttation water evaporates 
on the tips of the leaves, it leaves various salt deposits that may increase due to a contin- 
uous guttation process over a 1-, 2-, or even 3-day period. These deposits may affect the 
leaf in 2 ways : because of their high salt concentration they may remain and damage the 
outside of the leaf in the same way that fertilizer does when it is put on leaf blades, or 
they may go into solution in subsequent guttation water and be sucked back into the leaf 
where the hypertonic solution kills the cells. New products or changes in the guttation 
fluid, which are toxic to the internal cells when the fluid is sucked back, are produced 
either by bacteria, molds, or enzymes. 

Soil Treatments with Sodium Nitrite for Controlling Damping-off and Boot Knot. 
Ellis, B. E. Results of greenhouse and plant bed tests in 1942 and 1943 indicate that 
sodium nitrite is effective in controlling Rhizoctonia damping-off of lettuce. Eour and 
8 ounces per square yard applied to artificially contaminated plant bed soils 4 weeks before 
seeding reduced post-emergence damping-off by 71 and 95 per cent, respectively The 
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higher rate slightly reduced stands but gave better control than ehloropierin, formalde- 
hyde, or urea. At the same rates, under field conditions, sodium nitrite, applied to soils 
naturally infested with Keterodera marioni 7 weeks prior to planting, reduced root knot 
infection of bean, okra, squash, and tomato. At the higher rate control was equal or 
superior to that afforded by ehloropierin or urea. Eoot knot index readings ranged up 
to 3.2 for the lower and 1.0 for the higher rate as compared with 56.0 to 71.5 for the 
controls. Comparable figures on the basis of percentage of plants affected were 16, 3, 
and /6 to 100, resp<^lively. Counts showed that the treatments reduced stand only in 
the case of beans Observations indicate that stand reductions may be largely overcome 
by earlier application. ^ 


Sodium Nitrite for Boot-hnot Control. Feldman, A. W., and Luthee Shaw. Dur- 
ing the past 2 yeais a number of chemicals have been employed as soil treatments in an 
effort to find a control for the root-knot nematode {JEteterodera marioni). Of the chemi- 
cals applied, sodium nitrite proved most effective. Under greenhouse conditions, using 
tomatoes as the host, concentrations as low as 6 oz. per sq. yd. have given 93 per cent con- 
trol, and 12 oz., 100 per cent control. Plant response to this treatment "was quite notice- 
able in comparison with other treatments and cheeks. Not only was rapid growth pro- 
duced, but greener foliage, good fruit set, and well- developed roots resulted. A method 
of standardizing chemical applications to various soil types was employed. The base 
exchange capacity and replaceable hydrogen were determined, and sodium nitrite was 
added in equivalents of 50, 100, 150, and 200 per cent of the replaceable hydrogen. Green- 
house and laboratory tests showed a rapid transition of the NOop to NOa-, temperature 
and moisture being important factors. Good growth was obtained when plantings were 
made as early as 1 week following application of the chemical. Microflora analyses of 
the soils under field conditions indicate that the chemical is highly toxic to soil organisms. 

Electrophoretic Studies on Sap from plants Infected with Tohacco-mosaic Virus. 
Frampton, Vernon L., and W. N. Takahashi. 


Expressed Sap of Tomato Plants in Eelation to Wilt Eesistance. Gottlieb, David. 
Sap expressed from stems of 3 varieties of tomato retarded the growth of Fusarium 
hulhigenum var. lycopersioi in proportion to the wilt resistance of the variety. The aver- 
age yield of mycelial mats in sterile expressed sap were 0.145, 0.110, and 0.065 g., for 
Bonny Best, Marglobe, and Pan American, respectively. Similar results were observed 
when the saps were mixed with equal parts of 3 per cent potato dextrose agar and the 
linear growth measured. After 10 days the average size of the colonies on media from 
the above-mentioned varieties were 81, 74, and 65 mm., respectively. The retarding mate- 
rial in the sap was stable at 100° 0. for 2 hours, and was absorbed by activated charcoal at 
room temperature. It can be distilled at 95° C. under reduced pressure and the condensed 
distillate retains its inhibiting properties. 

Seed-home Diseases of Cereals in Mayiitoha — A Survey, 19S7-1B42. Greaney, F. J., 
AND J. E. Machacek. During the 6-year period 1937-1942, a large number of samples 
of wheat, oats, barley, and rye seed were collected each year in Manitoba and examined 
for the presence of parasites causing seed-borne diseases. Plating tests of the seed showed 
that, among the numerous organisms isolated, species of Nelminthosporium {E. sativum 
on wheat, barley, and rye; E. avenae on oats; and E. teres on barley) were the most im- 
portant pathogens. Several species of Fusarium were commonly isolated, particularly 
from oat seed, but they were not harmful. Soil-bed tests showed a high positive correla- 
tion between the percentage of seeds infected with E. sativum and E. avenae and the 
amount of disease in the subsequent seedlings. In wheat, but not in barley, seed infection 
with E. sativum was associated with low germination. Of the wheat samples tested 96.4 
per cent were virtually free from surface-borne smut; whereas over 80 per cent of the oat 
and barley samples carried a smut spore load sufidciently high to make seed treatment 
necessary. Each year, nearly half (46 per cent) of the Manitoba seed stocks of wheat, 
and more than 80 per cent of those of oats and barley, required seed treatment for disease 
control. 

The Effect of Plant- decomposition Products on Boot Diseases. Gries, George A. 
The variable effect of different crop residues on strawberry root rot is known. In the 
experiments herein reported crop plants were decomposed in 2-gal. crocks. The extracts 
produced were sterilized by filtration and their toxicity was tested on strawberry and 
tobacco plants grown in water culture. The sterile extract of red clover, decomposed by 
its natural microflora, was decidedly toxic to the test plants, whereas the extracts of soy 
beans simffarly produced were innocuous. When these plants were sterilized and decom- 
posed by the microffora peculiar to the other host,^ the order of toxicity was reversed, rhis 
indicated that the evolution of toxic decomposition products is largely a function or the 
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orficaiiisms involved. Variations in tlie toxicity of extracts from various collections of 
timotliy showed considerable difference in the type of microflora that may he associated 
with a given crop. The effect of certain crop rotations on the incidence of parasitic 
diseases was indicated by the toxicity of many of the sterile extracts to pathogenic fungi 
in culture. 

Juglone (5-hydroxy-l, d-napMJioquinone) — A Promising Fungicide.^ Gries, Geo. A. 
Juglone (5-hydroxy-l/4-naphthoquinone), the oxidized form of hydro juglone found in 
members of the genus J uglans, is toxic to certain higher plants growing in the proximity 
of walnut trees. In standardized laboratory tests for fungicidal activity on a series of 
naphthoquinones and related compounds, juglone most nearly approached the toxicity of 
the copper in Bordeaux mixture. The L. D. 50 values of freshly extracted or synthesized 
juglone using Sclerotinia fructicola and Macrosporiim sarcinaef orme as test organisms 
were 0,19 and 0.27 micrograms per sq. cm., respectively. These data were based on a spore 
load of 50,000 spores per cu. cm. The L. D. 50 values increased slightly over a 6-mo. 
period under laboratory conditions, suggesting a tendency for juglone to decompose to 
by-products of a lower order of toxicity. Greenhouse tests proved juglone to be ineffectual 
as a contact or stomach insecticide. Although the toxicity of juglone to the root systems 
of higher plants was confirmed, no foliage injury was evident when it was sprayed on 
cutinized surfaces. Tests in which juglone was used as a seed protectant indicated that 
it was extremely deleterious to the non-cutinized surfaces of germinating seeds. In pre- 
liminary field experiments, promising results were obtained with juglone for the control 
of black spot of roses. 

Life Sistory of Sypoxylon pruinatum in Eelation to Pathogenicity on Aspen, Geuen- 
HAGEN, R. H. Aspen, in the Lake States, is used extensively for boxwood, pulp wood, 
and excelsior, and is a potential source of raw cellulose for explosives and plastics. Stands 
examined had 10 to 60 per cent of the trees infected with Eypoxylon pruinatum, which was 
found to enter only through bark wounds. The best results from inoculation were secured 
when the fungus was introduced through a wound near the center of a bruise. An active 
infection girdled a 4-inch tree in 2 to 3 years and spread vertically 3 to 6 feet. The fun- 
gus was seen only in microscopic sections of the cortex, cambium, and outer wood. Conidia 
were borne on conidiophores at the surface of the canker, as well as on raised mycelial 
pillar-like structures. Conidia were abundant during spring and early summer. Asco- 
spores were forcibly discharged from April through September out of perithecia in 
stromata raised above the canker surface. Both conidia and ascospores were wind-borne. 
Warm, rainy weather, followed by periods of high humidity favored spread of the disease. 
The organism overwintered both as ascospores and as mycelium. The organism on 2 per 
cent malt agar grew best at 28° C. and at pH 5.0 to 6.0. 

Effect of Seed Treatment on the Control of Oat Smut. Hansing, E.D. Quantities 
of Kanota oat seed inoculated artificially by dusting with chlamydospores and by partial 
evacuation with a suspension of chlamydospores, and naturally infected seed from the 
previous season were treated with different fungicides. Each treatment was replicated 
and the data analyzed by analysis of variance. Seed inoculated by dusting and then 
treated produced average smutted panicles as follow^s: checks 38,7%, seed treated with 
volatile fungicides (New Improved Ceresan, DuBay 1452-C (Ethyl mercury p-toluene 
sulfonanilide), and formaldehyde) 0.6%, and seed treated with ‘^nonvolatile’’ fungicides 
(Arasan, Corona Coppercarb, micronized free-flowing sulphur, micronized wettable sul- 
phur, Spergon, Yellow Cuprocide, and yellow mei*curie oxide) 2.7%. All fungicides gave 
significant control of smut. Seed inoculated by partial evacuation produced average 
smutted panicles as follows: checks 60.9%, seed treated with volatile fungicides 8.0% 
and seed treated with nonvolatile fungicides, 63.4%. Thus, only volatile fungicides gave 
a significant reduction in percentage of smut. Naturally infected seed produced smutted 
panicles as follows: cheeks 34.2%, seed treated with volatile fungicides 0.4%, and seed 
treated with nonvolatile fungicides 5.0%. Although all of the seed treatments reduced 
the percentage of smut significantly, satisfactory control was obtained only by the use of 
the volatile fungicides (volatile vs. nonvolatile, odds > 999 : 1) . 

Studies on the ‘^Blaclc Point Disease of Wheat in the United States, Hanson, 
Prevalence, severity, causes, distribution, symptoms, and 
effects of the seed discoloration commonly known as “black point” were studied from 
1935 to 1942 on 5 to 25 varieties of bread and. durum wheats obtained from 13 States. 
The amount of seed discoloration, the fungus flora concerned, and all other factors studied 
varied greatly, depending on the year, region, and variety grown. Percentages of dis- 
colored seed ranged from 8 to 73 within certain States in the same year; and differences 
between States were even greater. In general, durums were more susceptible than bread 
wheats. Alternaria spp, were most commonly isolated, although HeZmmthospormm and 
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Fmarnmi^eve most prevalent in some regions in some years. In general, prevalence of 
seed discoloration was correlated positively with prevalence of microorganisms aid plump- 
ness of seed, and negatively correlated with percentage of germination and seedling stand 

varietal reaction to leaf and stem ^1* 
The benefits of seed treatment depend on the prevalence of Helmintliosporium and Fu~ 
sarmm rather than on the total microflora. Seed treatments with Semesan Junior in- 
creased stands m certain lots from 23 to 67 per cent. (Cooperative investigations between 
the Division of Cere^ Crops and Diseases, U. S. Department of Agriculture and the Min- 
nesota Agricultural Experiment Station.) 


Boron Soil Trea/tments and the Development of Flax Diseases* Hart Helen J E 
Mitchell, and David Gottlieb. The addition of boron to soil did not affect deveiop- 

numerous field and greenhouse experiments in 1942 and 
^ 1‘osults in reducing rust had been obtained by other investigators 

in 1941.^ apjfiication of 50 lb. or more of sodium tetraborate to sandy loam soil at 
University Farm, St. Paul, tended to reduce stands, height of plants, and yields of flax. 
The addition of even smaller amounts tended to increase damage from wilt and Rhizoetonia. 


Fffect of Zinc Sidphate-Lime on Proteetive Valve of Organic and Copper Fungicides 
Against Farly Blight of Potato.^ Hetjberger, J. W., and T. F. Manns. Preliminary 
evidence indicated that^ the addition of zinc sulphate-lime to fungicides might aid in 
decreasing run-off and in increasing initial deposit and tenacity. In an experiment on 
Dakota Red potatoes, designed to evaluate the proteetive value of organic and copper 
fungicides, zinc sulphate-lime at 1-i-lOO was added to 3 of 7 materials. Fungicides used 
were Spergon (tetraehloro-parabenzoquinoiie), Fermate (ferric dimethyl dithiocarba- 
mate), U. S. Rubber Co. #604^ (2, 3-diehloro-naphthoquinone-l,4), Rohm and Haas Co, 
Hel75 (disodium ethylene bisdithiocarbamate). Yellow Cuprocide (copper oxide), Com- 
pound A (copper oxychloride) and Bordeaux at a toxicant concentration of li-100. Seven 
applications at 200 gallons/acre were made at approximately lO-day intervals (July 29- 
Oct. 3) on replicated randomized plots. Records on Oct. 16 showed following control: 
Hel75-Zn804-Ca0, 92%; Yellow Cuprocide-ZnSorCaO, 86%; Bordeaux, 85% ; Compound 
A-ZnSOrCaO, 82%; Yellow Cuprocide, 68%; Compound A, 58%; #604, 54%, Hel75, 
40%; Fermate, 15%; Spergon, 4%; unsprayed, 0%. The possibility of synergism, and 
of new compound formation in the Hel75-ZnS04-Ca0 combination, is being considered. 
(Yield records had not been taken when this abstract was submitted.) 


Fifed of Organic and Inorganic Seed Treatments on Bate of Emergence, Stand, and 
Yield of Soy Beans. Heuberger, J. W., and T. F. Manns. The following materials 
were used in a test on the Scioto variety of soy beans to determine if seed treatments were 
beneficial under Delaware, conditions: Spergon (tetraehloropara-benzoquinone) ; Arasan 
(tetramethyl thiuram disulphide) ; Dow #5 (tetrachloroquinone) ; Dow #6 (2, 4, 5-tri- 
chlorophenate) ; Ceresan (ethyl mercury phosphate). Semesan (hydroxymercurichloro- 
phenol) ; Yellow Cuprocide (copper oxide). The first 5 were use at 2 oz.-l bu. and the 
last 2, Ceresan and Cuprocide, at 1 oz.-l bu. Treatments were planted in replicated 
randomized plots on June 25. The percentage stand 5 and 15 days, respectively, after 
planting was: Dow #5, 46,8% and 86.1%; Arasan, 40.4% and 84.9%; Ceresan, 38.5% 
and 82.6%; Spergon, 37.8% and 85.2%; Dow #6, 29.8% and 75.0%; Semesan, 28.4% 
and 64.1%; Cheek, 28.1% and 65.0%; Yellow Cuprocide, 15.4% and 55.5%. These data 
show that the materials fell into three classes: (A) accelerated rate of emergence and 
increased final stand (Dow #5, Arasan, Spergon, Ceresan); (B) Little or no effect on 
rate of emergence and final stand "(Dow #6, Semesan) ; (0) decreased rate of emergence 
and final stand (Yellow Cuprocide). Yield data showed that materials in Class A in- 
creased yield, that those in Class B had little or no effect, and that those in Class C 
reduced yield. 

Fire Blight Control hy Prevention of Infection. Hildebrand, E. M. 

The Problem of Dry Bot Caused by Macrophomina phaseoli (= Sclerotium bataticola). 
Hoffmaster, D. E., J. H. McLaughlin, W. Winfield Ray, and K. Starr Chester. 
Macrophomina dry rot (' ‘charcoal rot ^0 is a major pathological and economic problem 
in corn, sorghums, potatoes, beans, cowpeas, and peanuts in the South, Losses reach 48% 
in corn and 5-75% in potatoes. New hosts are catalpa, cedar, alfalfa, Sudan grass, inung 
beans and broomcorn. M. phaseoli mainly attacks seedlings, causing damping-off, and 
sub-mature plants, the ensuant root decay resulting in stem-rot, precocious ripening, low 
yields, and premature death. It is moderately and variably aggressive. Its invasion is 
favored by devitalization, characteristic of plants subjected to environmental extremcs of 
continental climates, and wounds or attacks of other organisms. It is adapted to high 
temperatures. The correct name, according to International Rules of nomenclature, and 
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that now generally accepted by American and British workers, is 

(Maubh) Ashby. Single conidia invariably produce the selerotial stage. A theory that 
selerotia may be immature pycnidia is proposed. Tentatively proposed control methods 
include cultural practices that increase crop health and vigor, liming of soil for sorghunis, 
increasing the organic matter in soil, and use of resistant crop wieties, which include 
many sweet sorghums, some kafirs, and certain other sorghums. Eesistance is ehaiaetei- 
istie of some corn hybrids. 


Experimental Eosts of Totaeco-etch Virus. Holmes, Francis 0. Tobacco-etch 
virus was transmitted to one or more species in each of 15 families of pmnts. Among 
the experimentally susceptible species were several that conceivably might timction as 
overwintering hosts in nature. One of these, a perennial weed, Physalis suoglahrata, 
was shown to be naturally infected in New Jersey. Although tobacco-etch virus is 
serologically and immunologically distinct from tobacco-mosaic virus, as well as much 
more sensitive to inactivation by heat, a marked correlation was found in regard to re- 
sponses of plants to the two viruses. The species that proved susceptible to infection by 
tobacco-etch virus proved susceptible to infection by tobacco-mosaic virus, although the 
converse was not true. 

Spraying Efficiency of New Types of Spray Equipment. Hopperstead, S. L., M. W. 
Goodwin, and Paul L. Bice. The ability of the Speed Sprayer to apply a uniform de- 
posit of spray materials throughout all parts of trees was compared to standard orchard 
equipment using two 8-nozzle brooms, one operated from the tower and one from the 
ground, and to a vertical boom attachment using adjustable guns. The vertical boom 
attachment was in the experimental stage. Twenty-three-year-old Stayman trees were 
used to which 12^ to 13 gal. of spray mixture were applied per tree per application. Seven 
spray applications were made. Leaf samples were taken before and after each applica- 
tion, and laboratory analyses made. Data obtained from analyses of samioles collected 
one month after the final spray was applied were as follows : Speed Sprayer — ^top 213.1, 
bottom 296.0 ; Vertical Boom — top 313.7, bottom 297.5; Eight nozzle brooms — tops 269.3, 
bottoms 278.2, Nonsprayed trees 35.4. Eesults are expressed as mierograms AsaOs per 
sq. in. leaf surface. In addition, samples taken in the tops of the trees within a 5-ft. 
radius of the trunk gave the following analyses: Speed Sprayer — 171.6, Vertical boom — 
262.3, eight nozzle brooms — 185.0. Fruit records collected throughout the season and at 
harvest indicate close correlation between codling moth control and the leaf analyses. 
Fruit records were not completely assembled when this abstract had to be submitted. 


The Coverage Factor in Fungicidal Efficiency. Horsfall, James G., and A. D. 
McDonnell. The dynamics of coverage by protectants is not well understood, but a 
knowledge of them is currently urgent because of the possibility of extending critical 
fungicides by improving coverage. An effort was made, using the dosage-response tech- 
nique, to distinguish the probaMlity of hitting a spore (coverage) from the probability 
of killing it with what hits it. Statistically, a steep dose-response curve means high 
uniformity. Theoretically, the steeper the slope, the smaller the probability of missing 
the spore and the more nearly the experiment measures only the probability of killing the 
organism with what hits it. Field slopes are flatter than laboratory slopes presumably 
because the probability of missing the spore on a plant is greater than when the spore is 
placed on a sprayed slide. Laboratory slopes, however, can be steepened and performance 
of deposits can be improved by increasing spray time. In many but not all field trials on 
potatoes and tomatoes, slopes were steeper for long than for short spray times. Since 
run-off increases in the field with spray time, it tends to cancel the practical benefit of the 
improved coverage by the deposits that are actually retained by the foliage. 

Cationic Fhenyl Mercury Compounds as Specific Apple-seal) Eradicants on Foliage. 
Howard, F. L., and M. B. Sorrell. Two compounds excelling liquid lime sulphur for 
eradicating V enturia inaequalis hyphae and conidia from fruit and leaves without necrosis 
of healthy apple cells have proved promising in orchard, individual leaf, and laboratory 
tests. Phenyl mercuric 2', 2'^ nitrilo triethanol lactate (Puratize N5-X) and phenyl 
mercuric 2', 2" nitrilo triethanol acetate (Stearonyx P) are effective at dilutions of 
1: 5,000 to 1: 10,000; inexpensive; available in quantity; compatible; and almost equally 
toxic in acid or alkaline water. In an orchard test of 7 fungicides with spray applica- 
tions timed according to Ehode Island spray-schedule recommendations, a foliage index 
on July 20 or 10 randomized replicate trees showed 2% infection on McIntosh and 4% 
on Baldwin compared with 92% and 34% on respective control trees. A second index on 
September 2 showed no infection on McIntosh and Baldwin foliage in contrast to 74% 
and 20% on the respective control trees. Fruit exposed to the Puratize spray were free 
of Scab. Study of infected attached apple leaves, individually sprayed with the phenyl 
mercury compounds at dilutions of 1: 5,000 and 1: 10,000, indicates that only the pathogen 
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and injured suscept cells are killed and not healthy apple tissues. Laboratory toxicity 
tests against Macrosponum sarc%naeforme spores show an L. D. 50 at 3 p.p.m and a steep 

slope ^ ^ dosage response ’ ’ curve. ir r • if 


Cationic Quaternary Ammonium Compounds as l^ungicides, Howard H L and 
H. L. Keil The fungicidal properties, phytotoxieity, and detergency of the generic group 
of chemicals having the type formula 


Rl\ 

E4/ 


have been studied. El, E2, E3, and E4 denote alkyl, alkylene, or aryl groups, at least 
1 and not more than 2 of the groups being long-chain members containing 10 to 18 
carbon atoms. The remaining 2 or 3 groups are short-chain groups, although one may 
be a cyclic radical such as a benzyl group. An acid radical, such as a halide, designated 
by X, provides the cationic property. Examples are dimethylbenzyldodecylammonium 
chloride, dimethylethyloleylammonium bromide, lactone of carboxymethyldimethyldodeeyl- 
ammonium chloride, ^ dimethylethanoldodecylammonium chloride, dimethyldodecylamine 
oxide acetate, and dimethyldidodecylammonium chloride. These compounds are ■water- 
soluble; colorless; inexpensive; stable, and non-poisonous to higher animals. Laboratory 
tests have shown the compounds to have an L.D. 50 between 10 and 50 p.p.m. against 
Sclerotinia frucHcola conidia and 30 to 80 p.p.m. against Macrosporium sarcinaeforme 
spores with steep slope ^ ^ dosage response ^ ’ curves. The effective fungicidal range is from 
1: 2,000 to 1: 10,000, while slight flecking will occur on tomato and potato foliage at 
1: 1,000 or greater. The compounds have marked wetting and penetrating properties, 
since they will reduce the contact angle of water from 45% to 70% at concentration of 
1,000 p.p.m. 


Gloeosporium venetum and G. necator: Two Distinct Species. Jenkins, Anna E., 
AND C. L. Shear. Examination of an authentic specimen of Gloeosporium veneium Speg. 
shows that this fungus, described from Italy in 1879, is not melanconiaceous, but pycnidial 
in nature; moreover, the host is presumably TluTous fruticosus L. and definitely not E. 
chamaemorus L., as originally described. Among sphaeropsidaeeous fungi, no species is 
known definitely to apply to G. venetum, although Phyllosticta fusco^onata Thuem. also 
described on leaves has certain characters in common with it. In Ellis and Everhart’s 
description of G. necator, producing destructive stem cankers on black raspberry and red 
raspberry (Bulus spp.) in the United States, these authors (1887) state that G. veneium 
‘‘has spores of about the same size but is a foliicolus species.” Scribner (1888), recog- 
nizing G, necator as the cause of Bubus anthracnose, adopted Spegazzini’s binomial as 
an earlier synonym of Ellis and Everhart ’s new species from America. A recent examina- 
tion of typical material of G. necator shows clearly that this melanconiaceous species 
belongs to the genus Sphaceloma dBy. The separation of G. necator^ from the little 
known G. veneium proves that the earliest records of Eubus anthracnose are actually from 
the continent of North America and not from Europe as formerly assumed. As late as 
1931 Arnaud and Arnaud stated that the disease was uncommon in Europe. 

Adaptation of Protectant-spray Programs to Follow Fradicant Ground Spraying for 
Apple-seal) Control, Keitt, G. W., and J. Huain Moore. In non-ground-treated orchards 
in Wisconsin the lime sulphur-lead arsenate tree-spray programs commonly used for apple 
scab often fail to control the disease satisfactorily and frequently cause objectionable 
spray injury. An eradicant ground spray of Elgetol, 600 gal. per acre, applied at 
about bud-break has been shown to reduce the ascosporic inoculum to a low level and sub- 
stantially lessen the strain on the protectant spray program. Experiments are nowHn 
progress to adapt tree-spray programs to use in eon j miction with ground spraying, seeking 
adequate disease control and reduced host injury. Conditions for scab development were 
very severe in 1943, Counts on fruit at harvest showed satisfactory control of the disease 
by various programs sufdciently mild "that only minor host injury was occasioned. ^ While 
conclusions must await further tests, the available data point towards the feasibility of 
using such programs in Wisconsin on ground-sprayed orchards. In previous experience 
similar programs have not controlled scab reliably in Wisconsin on non-ground-treated 
orchards in severe scab years. 

The Spray Program for Cherry-leaf Spot in Melation to Mpidemiology, Control, Eost 
Injury, and Fruit Sise, Keitt, G. W., and J. Duain Moore. Under the severe conditions 
that commonly occur in Wisconsin, spray programs strong enough to give satisiactop^ 
control of cherry leaf spot frequently occasion objectionable host injury and reduce the 

iThe perfect stage of Gloeosporium necator is Mlsinoe (Burk.) Jenkins. 
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size of fruit. Dilute Bordeaux, or Bordeaux substitutes, tried in 4-spray piogiarn^s, (1) 
just after petal-fall, (2) 10 days or 2 weeks later, (3) 2 weeks later, and (4) just after 
harvest, have not given adequate control in years of severe epidemics. Epidemiological 
studies and chemical determinations of spray residues indicate that a critical period tor 
control comes between the first and second applications. In 1942 a severe outbreak of the 
disease occurred in well-managed orchards when a protracted, heavy ram period snghtly 
delayed the second application. Experiments were initiated on programs of graduated 
dosage in the several applications. In 1943, a season of severe leaf spot occurrence, 
various programs of this type (e.^., Bordeaux (1) 6—8—100, (2) 3-4-100, (3) li-2— 100, 
(4) 6-8-100) gave satisfactory results in disease control. Other data suggest 3-4-100 
Bordeaux would have sufficed in application 4. The crop was too sparse for adequate 
data on fruit size. 

A Foliar Mottle and Necrosis of the Chippewa Potato Associated with Infection hy a 
Strain of the Potato x Virus. Larson, E. H. A mosaic of Chippewa characterized by ir- 
regular chlorotic-mottle patches in intercostal areas of upper leaves and small scattered 
neerotic-fiecks on older leaves was observed in the field in 1942 and 1943. External and 
internal root, stem, and petiole tissues of affected plants are normal. Tubers are slightly 
smaller than normal, but show no pathologic symptoms. Aphid (Mysus persicae and 
Macrosiphum solanifolii) transmission tests yielded negative results. Artificially in- 
oculated Nicotiana tab acum and N. rustica developed small, local ring spots, systemic 
ring spots and irregular line patterns. Potato seedling 41956 v^as immune in all tests. 
Complete protective action of a common mild latent-mottle strain of the potato x-virus 
was shown on N. talacnm, Datura metel and D. meteloides, indicating the virus is a 
variant of the x-virus group. It would appear, therefore, that Chippewa, highly resistant 
to mild mosaic and a masked carrier of common strains of the x-virus, is subject to infec- 
tion by an uncommon strain of the latter, which causes a mosaic mottle and necrosis. 
Infection was secured on Chippewa, Sebago, Triumph, Eed Warba and Eusset Burbank 
and on first-generation potato seedlings derived from seed of Katahdin by selfing. Symp- 
toms developed more rapidly and severely at 20° C. than at 24° C., Avhile they were entirely 
suppressed at 28° C. and above. 

Studies on TJstilago striae formis from Blue grass. Leach, J. G., and C. Y. Lo'wther. 
Spores of 27. striaeformis from mature sori on bluegrass are very difficult to germinate, 
and artificial inoculations with such spores have produced low percentages of infection. 
By using spores from young unruptured sori and mycelium in tissues just prior to spore 
formation, the fungus has been isolated in pure culture on agar. Both sporidial and 
mycelial growth types occur. Certain growth types produce chlamydospores in great 
abundance. Spores produced in culture are slightly larger than those produced on plants 
and less prominently echinulate. A few are abnormal in shape. Spores produced in arti- 
ficial culture have not yet been germinated successfully. The cytology and infection 
capabilities of the various cultural types are being studied. 

A Method for Developing an Epiphytotie of Ergot. Lewis, Ealph W. In order to 
induce an epiphytotie of ergot an abundance of spores was so prepared that the spores 
remained viable in cold storage and on the plant following application. Cultures were 
grown on sterilized wheat. When the spores formed, the cultures were beaten in a blendor 
with a minimum of water and screened. An equal weight of beet sugar was added to 
the thick spore suspension. Tests determined that spores prepared in this way remained 
viable in cold storage for 3 to 4 months and withstood the drying action of the air for 
days without a great loss in germinability. The spores germinated on slides when drops 
of the original or dried suspension were diluted with water. Spore suspensions were 
applied to rye flowers in bloom with a hand or motor sprayer. 59% of the heads became 
infected in a plot sprayed 5 times with a knapsack sprayer and 33% became infected in 
plots sprayed 3 times with a power sprayer. Adjacent control plots were 10% and 3% 
respectively. 

Fermate Of ers Promise in the Control of Frog -eye Leaf Spot (Sphaeropsis malorum) 
of Apple. Lyle, J. A., and Luther Shaw. Eesults of the 1943 season indicate that 
ferric-dimethyldithio-carbamate (Eermate), used at a 3-5-50 concentration, offers prom- 
ise as a control of leaf spot (Sphaeropsis malorum) ot apple. Other fungicides applied 
included different concentrations of Bordeaux mixture, Tennessee Copper ^^26 Cupro-K 
copper oxyoMoride, and silver nitrate. Two leaf -spot eonnts were recorded,’ the tirst in 
the middle of the season, the other during harvest. At each count 500 leaves per tree 
were oxamined. Each plot, containing 2 trees per plot, was replicated at least twice. 
Ihe lermate plote manifested a total of 10.7 per cent leaf infection for the season with 
no detoliation. The remainder of the sprayed plots ranged from 41.4 per cent infection 
tor 4-4-0O Bordeaux mixture, to 66.1 per cent for 3-3-50 Tennessee Copper “26” with 
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P®’^ ®®'^* infeetion at both counts with half 
defoliation at the end of the season. It is significant that the Fermate plots exhibited 
leaves mfeeted with only 1 to 3 lesions per leaf, whereas the other sprayed plots mani- 
fested 6o per cent of the leaves with more than 4 lesions. Effective control was not 
obtained from this material against either bitter rot or blotch of the fruit. 


Natural and Mechanical Injury in Flax in Relation to Seed Treatment. Moore, M. 
B., AND J. J. Christensen. A study was made of the relation of seed in-jury of flax to 
diffeiential i espouse to seed treatments. Three kinds of injury were of frequent occur- 
leiiee: mechanical cracking and shattering of the seed eoatj discoloration and roughening 
of the seed coat due to fungi and weathering; and exposure of the embryo due to a nat- 
uial tendency of seed of certain varieties to split at the germ end. Of the three, embryo 
exposure was the most common. There was no association between types of injury, but 
golden-seed varieties W’ere much more subject to embryo exposure than brown-seed ones. 
Seed lots from Bolley Golden Selection G.I. 976 grown in 31 localities in the United States 
and Canada differed strikingly in percentage of cracked seed (0-32), of seed with exposed 
embryos (6— 83), and of discolored seed (0—50). The differences in amount of injury 
between 7 varieties in a single locality were sometimes almost as great as those between 
seed lots of a single variety grown at different localities. In general, injured seed lots 
tended to respond to seed treatment more than non-in jured; and golden-seed varieties 
responded more frequently than brown-seed ones. Ceresan and Arasan were about equally 
effective in increasing the stand. 

Sunscald as a Predisposing Factor to Soft Mot of Early Potatoes in Transit. 
Nielsen, L. W. The early potato crop of North Carolina is harvested during late May, 
June, and early July. On clear days exposed tubers may be seriously sunscalded. Tubers 
exposed on the surface of the ground have developed temperatures of 52.2° C., and in 
bags on open trucl^a, 50.5° 0. Tubers exposed on the ground for 6 hours on July 10, 1942, 
had bacterial soft rot in excess of 50 per cent after 6 days storage. Potatoes exposed 
July 21, 1943, for 0, l^V? 2^, 4^, and 5| hours had the following percentages of rot after 
storage for 14 days: 3.57, 10.1, 28.0, 74.5, and 78.5, respectively. Using the rapid growth 
of soft-rot bacteria on cooked potato tissue a« an indicator of heat injury, it was found 
that Irish Cobbler tubers were injured when exposed in a water bath at the following 
intervals and approximate temperatures: 10 minutes, 51° C.; 30 minutes, 45°-47° C.; and, 
60 minutes, 43°-45° 0. A tuber (3.0 inches in diameter) exposed to artificial light 
reached 44.7° C. on the irradiated side after 1^ houlrs, and was injured to one-third its 
thickness. In many cases the injury could not be visually detected. These data suggest 
that some of the soft rot developing in transit is traceable to heat injury prior to packing. 

An Eradicant Treatment for Sooty Blotch of Pears. Palmiter, P. H. The results 
of field experiments indicate that a greentip application of Elgetol to Kieffer pear trees 
will sufficiently reduce the sooty-bloteh fungus, Gloeodes pomigenay to permit a commer- 
cially clean crop of fruit without the aid of summer applications of fungicides. Trees 
that received a 1% Elgetol application in 1942 produced a crop 80% clean, 13% slightly 
blotched, and 7% heavily blotched compared with 96% blotched fruit on nonspray ed trees. 
In 1943 the same treatment, applied to different trees, resulted in 96% clean fruit and 
4% slightly blotched fruit. Pruit on nonsprayed trees were 80% infected. Lower dos- 
ages considerably reduced the incidence of the disease and may prove sufficient under 
some conditions. 

Arhorvitae Blight. Plakidas, A. G. A disease of oriental arborvitae (Thuja 
orient alis), referred to locally as blight’’ or ‘‘fire,” has been known in the South for 
many years. Its chief symptoms are dying and browning (“firing”) of leaves, small 
twigs, or entire branches, and often complete killing of the entire tree. The disease has 
been attributed to red spider, drought, excessive summer heat, and winter injury. The 
varieties Berkmann’s Golden and Baker are most severely affected, but the disease occurs 
also on many others. Similar symptoms also occur on the Italian Cypress (Cupressus 
sempervirens) . A fungus, apparently Si Cercosporay has been found constantly associated 
with the disease. Inoculations with pure cultures have produced it in typical and severe 
form. Infection also has been obtained by placing conidia-bearing twigs on healthy 
plants. The fungus has been reisolated from the inoculated plants and resembles some- 
what Cercospora sequoiae and 0 . sequoiae -voi. juniperi, but differs from these in length 
of conidiophores and rate of growth in culture. It probably is a distinct species. Pen- 
thecia of Mycosphaerella sp. are often found on diseased twigs, either alone or in associa- 
tion with Cercospora. Ascospore isolates appep similar to Cercospora isolates in culture, 

but inoculations with these have not produced infeetion thus far. 

XJse of a Ferric Bimeiliyldithio Carhamate and Talc Dust to Combat the Phomopsis 
Blight of Eggplant. Porter, Eichard P. A single season’s field results indicated that 
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a 10—90 Fermate (Ferric dimethyl ditMo carbamate) talc-dust treatment was slightly 
more effective than a 20-80 copper -lime dust in controlling the leaf-spot symptoms of 
Phomopsis blight. During the early onslaught of the disease it gave significantly better 
protection in preventing fruit rot. The -plants treated with the Fermate dust also out- 
yielded those dusted with copper-lime. 

The Incidence of Apple Beal and Cedar Bust on Wealthy Apples and Their Effect on 
Fruit Development in Minnesota. Shaevelle, E. G. Apple scab and cedar rust are the 
most important apple diseases in Minnesota. During the summer of 1943 a maximum 
fruit infection by scab of 92 per cent and a maximum fruit infection by cedar rust of 
60 per cent were recorded on Wealthy apples j however, the introduction of a new spray 
schedule and spray timing service resulted in, controlling all of the major diseases and in- 
sect pests. Detailed studies were made on the effect of apple scab and cedar rust on the 
size and weight of apples. Severe scab caused an average reduction of 20 per cent in size 
and of 43 per cent in weight. Yery light infection by scab caused a reduction in size of 
approximately 8 per cent. Cedar-apple rust was found to cause an average reduction in 
size of approximately 8 per cent and a reduction in weight of infected fruit of 24 per 
cent. 

Guttural Variation in Single Ascospore Isolates of Bclerotinia fructicola (Wint.) 
Behm from Cherry Plum Hybrids. Sharvelle, E. G., ani> Shan-Mingt Chen. Attempts 
to isolate complete sets of ascospores from single asci of S. fructicola were unsuccessful 
until the conditions influencing ascospore discharge were determined. Maintaining the 
ascus material at 15° 0. for 4-10 hours, then transferring to room temperature for two 
hours, appeared to stimulate ascospore discharge. Sixteen lines obtained from 2 asci fell 
into 4 distinct groups on the basis of cultural characteristics, sensitivity to sulphur fungi- 
cides, and pathogenicity on apple fruits. 

Use of Potato Juices for Cultivation of Cory neb act erkim sepedoniemn. Snieszko, 
S. F., AND Beiner Bonde. Potato filtrates were prepared by expressing juice of mature 
tubers or stems and leaves. Some juices were prepared after preliminary freezing of 
tissues^ others were treated with sulphites to prevent darkening of the juice. The juices 
were first centrifuged and then sterilized by fitration through the Seitz No. 1 sterilizing 
filter sheets. For the cultivation of C. sepedonicum the filtrates were used alone, or with 
addition of media, phosphate buffers, or agar. The filtrates obtained from the potato 
varieties Katahdin, Green Mountain, Sebago, and President supported abundant growth 
of C. sepedo7iicum. Less satisfactory as media were varieties believed to be resistant to 
ring rot and designated as U. S. seedling varieties, .055, 47102, and 886. T’wo U. S. 
seedling varieties, i.e., 46952 and 870, supported little or no growth of C. sepedonicum. 
Eesults indicated some coincidence between resistance of the potatoes to ring rot and 
abundance of growth of C. sepedonicum on filtered potato juices ; the variety President 
seems to be an exception. There apparently is little if any correlation between the pH 
of the juices and the growth of C. sepedonicum, 

Maces of Puecinia graminis avenae in the United States. Stakman, E. C., M. N. 
Levine, and W. Q. Loegering. Although races 1, 2, 5, 7, 8, 10, and 12 of Puecinia 
graminis auenae have been found in the United States, only the first three have heretofore 
been present in important amounts. Consequently, the oat varieties Richland, susceptible 
only to 8 and 10, and White Tartar, susceptible only to 7 and 12, have been generally 
resistant in this country and were, therefore, used as resistant parents in a breeding pro- 
gram. In 1940 and 1941, however, there were indications of increasing prevalence of 
races 8 and 10; and in 1943 race 8, widespread geographically, comprised about 12 per 
cent of all racial isolates, and caused appreciable rust on Yicland, Boone, Tama, and other 
hitherto resistant varieties, mostly derived from Victoria x Richland crosses. This race 
and the other dangerous races, 7, 10, and 12, were found first in barberry-infested areas. 
Race 8 may or may not become abundant in the near future, depending on conditions 
affecting its persistence and spread. Certain generaUy virulent races, notably 4 and 6, 
have not been found in the United States, although reported occasionally from Canada. 
(Cooperative investigations between the U. S. Department of Agriculture and the Minne- 
sota Agricultural Experiment Station.) 

Comparison of Soil Fumigants for the Control of Moot-Tcnot Nematode. Stark, F. 
L., Jr., a. G. Newhall, and Bert Lear. The efficacies of several liquid nematocides 
were compared in a commercial greenhouse by injecting the fumigants 4 in, deep, 10 in. 
apart in replicate plots. ^ In fall treatments of heavily infested soil ethylene dichloride a 
mixture of ^ethyl bromide-ethylene dichloride-earbon tetrachloride (1-6.5-2.5) (Dowfume 
Br 10), and ehloropicrin (Larvacide) all gave highly significant control of nematodes and 
increased yields on a spring crop of tomatoes as compared to checks and a furyl nitro- 
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ethylene dust treatment. The methyl bromide mixture at 5 co. per injection gave better 
control ot nematodes than chloropienn at 2 cc. and ethylene diehloride i 15 ec-ftat S 

were about the same for each treatment. •' 

. treatments on soil less heavily infested ehloropicrin-methyl bromide 
mixture O 3), ehloropicrin, me^yl bromide-ethylene diehloride-earbon tetrachloride mix- 
ture and ehloropienn-ethylene diehloride mixture (1-9) in descending order all signifi- 
yiSdJ nematode injury. However, there was no signifleant difference in the 

When. 3, 5, and 7 ce. dosages of the methyl bromide-ethylene diehloride-earbon tetra- 
eliloiiae mpeture weie compared, it was found that increasing the dosage markedly reduced 
nematode injury, but the effect on yield was scarcely signifleant. 

It is concluded that where nematodes are severe all treatments will give an economic 
net return. At the rates employed treatments can be listed in ascending order of their 
cost as follows: methyl bromide-ethylene diehloride-earbon tetrachloride mixture, ethylene 
diehloride, chloropicrin-ethylene diehloride mixture, ehloropicrin, and methyl bromide- 
chioropicrin mixture. 


The Coverage Effect of Sulphur on the Control of Apple Scab. Stoddard, Ernest 
M., AND Wendell D. Henry. The effect of coverage on control of apple foliage scab was 
studied by applying four dosages of sulphur per tree in 2 gallonages. The per cent of 
infection, plotted as probits, showed a linear relationship to the logarithm of the dose of 
fungicide. Boses applied in high gallonage gave a steeper slope than those applied in 
low gallonage. Statistically, a steep slope suggests low variability, or in this case better 
coverage of each unit of leaf area. This should improve the probability of hitting any 
given spore. With different slopes, the curves crossed, so that the largest dose per tree 
gave better control when applied as low concentration-high gallonage, and the smallest 
dose per tree gave better control when applied as high concentration-low gallonage. At 
the highest dose, therefore, the probability of hitting a spore with the high gallonage- 
low concentration seems to be of greater consequence than the probability of killing the 
spore with high concentration-low gallonage. At the lowest dose, on the other hand, the 
probability of killing the spore with the high concentration-low gallonage is greater than 
the probability of hitting it with high gallonage-low concentration. 


Fermate for Control of Early Blight on Tomato. Taylor, Carlton E., W. H. 
Childs, and J. G. Leach. As a tomato spray in 1942, Fermate (ferric dimethyl dithio- 
carbamate) at 2 Ib.-lOO gal. proved superior to 80% tetramethyl thiuramdisulphide 
(2~100), wetable Spergon (2-100), Guprocide (1^-100), and Bordeaux mixture (8-8- 
100) in preventing foliage injury caused by Alternaria solani. Yield data were limited 
to the weight of green fruit remaining when the foliage was killed by frost, fermate hav- 
ing twice the yield of any other treatment at this period. 

Fermate, diluted in Pyrax AAB, was tested as a dust on tomatoes in 1943. Bata 
based on individual-plant estimates rated the percentage of green foliage in early October 
in descending order as follows: 10% Fermate, 5% Fermate -f 10% Sulphur, 5% Fermate, 
2.5% Fermate, and 6% copper oxychloride sulphate. Yield differences in ripe fruits were 
non-significant throughout the season, but the quality of the fruit was noticeably better 
on the plots with less foliage injury. 

The Fermate-Pyrax AAB mixture is mechanically well-adapted to dust application. 

The Influence of Known Chemicals on the Initiation of Pathological Growth and 
Symptoms Eesembling Those from Certain Viruses. Thomas, John E., and A. J. Riher. 
The effect of 31 known chemicals has been studied on sunfiower, marigold, tomato, Paris 
daisy, velvet leaf, Kalanchoe, and Bryophyllum. The chemicals were commonly mixed in 
a lanolin paste and applied to the decapitated stem tips of plants li to 2 inches above 
inoculations with the attenuated (A6-6) strain of the crown-gall organism, Phytomonas 
iumefaciens. The results from over 2300 chemical treatments and over 4800 inoculations 
indicated that 12 of these compounds could more or less regularly ^'activate’' tissue about 
the attenuated bacteria. The most active compounds were indole-butyric acid, alpha- 
naphthylacetamide, and beta-naphthoxyacetie acid. Other active eompoiinds^ were 
T>-chlorophenoxyacetie acid, alpha-naphthalene-acetic acid, indole-3-aetic acid, indole- 
nropionie acid, alpha-naphthalenepropionie acid, tryptophane, 2-chloro-5-nitrobenzoic acid, 
2-bromo-3-nitrobenzoie acid and phenoxyacetic acid. In general, the other common growth- 
substance responses noted included axillary bud and abscission layer inhibition, aerial root 
stimulation, stem thickening, epinasty, gall formation and leaf distortions. Some leaf 
malformations appeared very similar to certain ones induced by viruses, but they were 
not transmissible and plants eventually recovered. Variations in growth substance re- 
sponses were found with different hosts and with different chemicals. 

The Bacteriophage Eeaction as a Means of Quids Identification of Pathogenic Bac- 
teria. Thomas, R. G. The need for a quick identification method to confirm the presence 



1120 


Phytopathology 


[VoL. 33 


of a bacterial plant pathogen frequently has been felt. A study niade of 10 plant and 
11 human pathogens, as well as of several saprophytic forms of bacteria, mdieates that 
the phage reaction can be used for identification purposes. A phage was prepared for 
each species of bacteria and tested against all of the other species. ^ Phages appear to 
show as much specificity of reaction as do diagnostic sera. A few interesting relation- 
ships among species were revealed, which suggest further study. 

Tolacco Leaf -spot Bacteria on Boots of Basture Plants. Valleau, W. D., E. M. 
Johnson and Stephen Biaghun. Earlier studies have shown that Bacterium tabacimi 
and B. angulatum multiply on the roots of several crop plants and weeds and may over- 
winter in this way on the roots of cover crops planted after tobacco. More recent studies 
demonstrate that B. angulatum may persist on the roots of cover-crop plants (wheat and 
crimson clover) for at least 21 months after tobacco harvest. Inoculations with soil cores 
containing roots from bluegrass fields in which tobacco beds were prepared proved that 
the organisms were present, presumably on the roots of some pasture plants, before the 
diseases appeared in the plant bed. B. tahacum also was obtained from weed roots in a 
field, prepared for setting tobacco, at setting time. 

Charcoal Lot of Irish Potatoes. Watson, B. B. Irish potatoes in Eastern Texas 
often rot in the ground or in storage. This condition was particularly severe in 1943, 
with losses of 15 to 20 per cent of the crop; some growers lost more than half their crop. 

Buring the past season, the primary causal agent of this tuber rot proved to be 
Sclerotium bataticola. The fungus often enters the tuber at the stolon end. Eyes and 
enlarged lentieels are also points for infection. The diseased stolon is ashy-grey due to 
embedded sclerotia. In the tuber the fungus produces a semi- wilted, somewhat %vatery 
black rot, which is generally shallow. If no secondary infections occur, the tuber develops 
into a leathery mummy. This seldom occurs, since one or two secondary rots usually help 
complete the tuber breakdown. A soft rot, caused by Erwinia carotovora, and a dry rot 
(Fusarium sp.) are secondary rots associated in the final stages with charcoal rot. 

The losses are closely correlated wuth high temperatures and high soil moisture — the 
chief epiphytological factors. 

Fffectweness of Monocalckm Arsenite as an Eradicant Spray Against Sclerotinia 
laxa. Wilson, E. E. 

The Chlorophenates as Eradicant Sprays Against Sclerotinia laxa and Coryneum 
beijerinclcii. Wilson, E. E. The major weakness of sodium tetrachloro and pentachloro- 
phenates as eradicant sprays against S. laxa and C. beijerinclcii appears to be their failure 
to destroy the mycelium of the fungi inside the host tissue. Although the materials may 
destroy most of the eonidia the mycelium produces new eonidia within 2 or 3 weeks. Ap- 
plications of the sprays as near as feasible to the critical periods for infections (blossom- 
ing and leaf -production stages of the host) lessens the chances for the fungi to produce 
a timely supply of inoculum, but increases injury to the host. Addition of an emulsible 
oil and a wetting agent increased the penetration of the chlorophenates into host tissue, 
and to some extent improved their eradicant effect. In field tests on almond trees, sprays 
composed of 6 pounds of these materials to 100 gallons of water plus 0.5 per cent oil and 
8 oz. to 100 gallons of a wetting agent, destroyed from 77 to 97 per cent of the sporo- 
dochia of S. laxa and prevented immediate production of a new crop of eonidia. The 
effect on the disease was not observed because of blossom injury. The same sprays re- 
duced leaf infection by C. beijerincUi 99 per cent. Copper salts of triehlorophenate and 
tetrachlorophenate were less effective against both fungi than the sodium salts. 

Control of Tomato Anthracnose. Wilson, J. B. All copper-containing fungicides 
are comparatively ineffective in anthracnose control. Fermate may give a high degree 
of control but must be properly used as to timeliness, concentration, rate of application 
per acre, etc. It is very important that the first application be made early enough, i.e., 
about July 20 to 30 for cannery tomatoes in northern Ohio, or when fruits of the first 
cluster are approximately half -grown. 

Protection with Fermate continues as long as 40 days after the last application, in 
early schedules. ^ Since fruits ripening in late September were pollinated approximately 
50 days earlier, it seems possible that protection may result from absorption of something 
from the Fermate by the host plant. Other possibilities are that the fungicide reduces 
the inoculum present in the surface soil and in fruit lesions, or, less likely, that the fungus 
is kept from foliage and stems of the tomato plant. 

Betaehed fruits and fruits on defoliated plants are highly susceptible to infection. 
Sprays that injure the host plant promote fruit infection. Busts seem as effective as 
sprays in cheeking fruit loss. There is some variation in varietal susceptibility, but all 
commercial varieties used experimentally have shown heavy infection under certain field 
conditions. 
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The Present hiatus of the Fixed Coppers as Fungicides. Young, H. C. Diirins the 
past several years_ a study has been made of many fixed copper compounds to determine 
their role as fungicides. ^Results of laboratory and field tests indicate that eonsfderaWe 
variation exists in both effectiveness and injury. The general groups, used in these com 

parisons, weie. (j-) basic copper chlorides, (2) the basic copper sulphates, (3) the 
copper oxides, and (4) a miscellaneous group. i/i' i ^ ; nw 

It was found that the basic chloride and oxide groups were, in general, somewhat 
more injurious to foliage than the basic sulphate or several of the miscellaneous group 
but were also somewhat more effective as fungicides. It also was found that most fixed 
coppr eoinpounds adhered to foliage poorly, which factor may be responsible for the 
moderate effectiveness of the sulphate group. Many diluent and adhesive materials have 
been tried but no generally effective one was found. 

Til ere is a tremendous variation in tlie particle size (1 to 75 microns) in the various 
commercial fixed-copper products. This factor alone influenced adhesiveness and also 
handicapped the standardization of dusts and their application. It was found that the 
micronization of a commercial trihasie copper sulphate greatly improved it fungieidally 
as well as its physical condition for application. . 


Factors Influencing the Froduction of Local Lesions ly the Potato Yellow-dwarf 
Virus on Leaves of Nicotiana rustica. Younkin, 8. G. It has been shown that varia- 
tions in environmental conditions, size of inoculated leaves, and inoculation procedures 
may influence the number, disposition, size, and appearance of the local lesions induced 
by the potato yellow-dwarf virus on mechanically inoculated leaves of Nicotiana rustica. 
Optimum temperature for local lesion production was 75 to 80 degrees F. At lower 
temperatures the time required for lesion development was excessive. At higher tempera- 
tures the size and character of the lesions were altered. Maximum numbers of local 
lesions resulted when plants were placed in complete darkness for 12 hours immediately 
after inoculation. Leaves of N. rustica produced by rapidly growing plants and measur- 
ing 9 cm. X 13 cm. yielded more local lesions than either (1) leaves measuring 8 cm. x 12 
cm. and less or (2) those measuring 13 cm. x 17 cm. and more. XJniform distribution of 
lesions over the inoculated leaf surface was obtained only with leaves of optimum size. 
Application of 600-mesh carborundum to the leaves, before inoculation, increased the yield 
of local lesions. Washing of leaves immediately after inoculation failed to affect the 
number of local lesions when inoculum consisted of crude sap from infected plants that 
had been diluted with water. 


Mechanism of Action of 8-hydroxy quinoline. Zentmyer, George A. 8-hydroxy- 
quinoline has long been known to have bacteriostatic and fungistatic properties, and is 
extensively used as an antiseptic. The mechanism of action of this organic is, therefore, 
of interest. The fact that 8-hydroxyquinoline is a useful agent in quantitative analysis 
for precipitating many minor elements (Cu, Mn, Fe, Zn), suggested the theory that it 
acts fungistatically by precipitating one or several of these elements so that the micro- 
organisms cannot use them. In-vitro experiments show complete inhibition of growth of 
several fungi (Ceratostomella ulmi, Fusarium oxysporium, F. lycopersici, Penicillium sp.) 
by 8-hydroxyquinoline at a concentration of 1-10,000, at pH 6. If the acidity is increased 
to pH* 3, by* 0.1 N HCl, growth of these fungi is unaffected by the presence of 8-hydroxy- 
quinoline. When a culture growing at low pH (3.0), in the presence of 8-hydroxyquino- 
line, is filtered through a Berkefeld filter and the filtrate is readjusted to pH 6 and re- 
inoculated with the fungus, inhibition of growth occurs. These findings are in agreement 
with the fact that the inner complex metal-hydroxyquinoline salts are known to be soluble 
in solutions of mineral acids. This cyclic organic chemical thus may be acting as an anti- 
vitamin, in the ease of minor elements which are connected Avith vitamin formation and 
action. 


Logarithmic-ProUt Belation of Spore Dosage and Besponse in Dutch Elm Disease. 
Zentmyer, George A., James G. Horsfall, and Philip P. Wallace. In general, bio- 
logical responses follow the logarithm of the dosage. This principle has been applied in 
studies (1) on distance of local spread of the Dutch elm disease, and (2) on spore dosage 
in relation to disease incidence and to amount of wood discolored in inoculated elms. In 
(1), the percentage of trees diseased, plotted as probits, decreased with^'&e logarithm of 
the distance from a central source of inoculum. In (2), dosages of 10, 10^, 103,10^, 10^, 
and 106 spores per tree were injected into elms; the disease response as percentage wait 
per tree, plottd as probits for this ^^all-or-none’^ type of reaction, increased directly wdh 
the logarithm of the number of spores injected. In the graded type of response, the total 
length of wood showing vascular discoloration followed a linear relation to the logarixtmi 
of the number of spores introduced into the tree. The spore-dosage data also promde a 
sound explanation for the failure of the expected percentage of 

areas to show disease symptoms. The disease apparently will not build up suffiuently 

to develop symptoms AA^hen the tree receives only a small dose or spores. 



STUDIES ON CYTOLOGY OP USTILAGO CEAMBEI" 

C . S . w A N G 

(Accepted for publication May 22^ 1943) 

INTRODUCTION 

TJstilago orameTi (smiit of millet) is one of tlie few smuts known to com- 
plete its life cycle on artificial substrata (28) ; therefore, it affords an excep- 
tional opportunity to study the nuclear behavior in saprophytic as well as in 
parasitic stages. 

It kas been shown frequently that new physiologic races of certain smut 
fungi may arise through hybridization or mutation (8^ 19, 23). Neverthe- 
less, many of the investigations have not dealt with the actual mechanism 
concerned in the behavior of the nuclei, that is, the cytological basis for the 
possible origin of new races. It is well known that ineiosis in most smuts 
occurs during ehlamydospore germination, but it is not known at what stages 
during germination the reduction of chromosomes takes place (10, 12, 23). 
Moreover the nuclear behavior of the hyphal cells in either parasitic or 
saprophytic stages varies in different species, and in the same species at 
different stages of development (15, 24, 25). Therefore, the writer investi- 
gated these phases of the problem as thoroughly as possible. 

Practically, the resistance or susceptibility of the host to smut fungi is 
determined by the presence or absence of smutted kernels, but actually this 
is not proof that the fungus can or cannot penetrate into the host. In fact 
Brefeld (5, 6) and others (16, 20) thought that the hyphae of certain smuts 
grew so slowly that they were unable to reach the meristem before the sur- 
rounding stelar tissue hardened. Eecently, from a histological study, 
Western (30) concluded that there are three different bases for resistance 
in oats smut : a reaction of the epidermal cell wall which prevents penetra- 
tion, necrosis of the host cells, and a retarding effect on the growth of myce- 
lium within the host. Since there is virtually no information on the rela- 
tionship of TJstilago crameri to the host plant the writer also investigated 
this problem. 

The literature on the cytology and host parasite relations in the smuts 
has recently been adequately reviewed (12, 13, 15, 22, 29, 30) and therefore 
will not be repeated here, but literature which is pertinent to particular 
phases of this study will be referred to whenever necessary. 

EXPERIMENTAL RESULTS 
Cytology of Ustilago crameri 

Naiure md Type of Chlamydospore Germination. The chlamydospores 
of Ustilago crameri Keke. are ovoid to subspherical and 8 to lip long. 

1 A portion of a thesis presented to the Graduate School, University of Minnesota, 
July, 1937, in partial fulfillment of the requirements for the degree of Doctor of Philoso- 
phy. Published as Paper 2086 of the Journal Series of the Minnesota Agricultural Ex- 
periment Station. 
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Under ordinary conditions the spores are capable of germination without 
dormancy and have been shown to remain viable for at least 62 years (27). 
On germination, a promycelinm emerges through a gap in the spore wall 
It may branch considerably, but no sporidia have been observed. Some- 
times 2 or more promycelia may arise from a single ehlamydospore. 

3£eiO'S%s. Ill order to study the nuclear behavior during germination, 
spores were dusted with a camel-hair brush, on a thin film of 1 per cent 
malt agar or 1.5 per cent potato-dextrose agar, spread upon slides, then put 
in a sterilized moist chamber until the desired stage of germination had been 
reached. The material was then killed in Flemming ^s weak solution, 
washed, and stained in *on-alum haematoxylin. 

The mature ehlamydospore of Ustilago crameri contains a single nucleus 
(PL 1, Pig. 1), which is diploid. This also is generally true for other smut 
fungi (9, 17, 18, 24, 29). In U. crameri at germination, the first division 
of the diploid nucleus takes place either in the ehlamydospore or in the 
promycelinm (PL 1, Figs. 1 to 10). Unfortunately, the early stages of the 
prophase were not observed. Later, 4 small deeply staining units, which 
are probably the chromosomes, can be seen in the nuclear membrane, but the 
chromosomes are too small to allow one to see the actual split. Subsequently, 
the chromatin masses move apart and contract into 2 daughter nuclei (PL 1, 
Pigs. 1 to 4). In the meantime a papilla appears with dense cytoplasm 
(PL 1, Fig. 4) . The papilla, which has grown gradually toward the wall, 
then breaks through it and finally passes outward, forming the promycelium. 
At the same time the diploid nucleus migrates into the young promycelium 
and divides (PL 1, Pig. 7). The nuclear division in the promycelium is 
more clearly visible than that in the spore, but it still has not been possibl5e 
to observe the early prophase of the division. The stages from late pro- 
phase to the end of the telophase are shown in plate 1, figures 7 to 11. A 
typical telophase figure with a single strand of fibers between the two 
daughter nuclei and the newly forming septum is shown in plate 1, figure 10. 

The second division quickly follows the first; in fact, a resting stage is 
rarely found. In plate 1, figure 12, is shown a 2-celled promycelium with 
2 nuclei, each nucleus containing 2 chromosomes (haploid number for 
Ustilago crameri) with a more or less indistinct nuclear membrane. The 
subsequent stages are shown in plate 1, figures 13 to 15. It is evident that 
in the prophase of the second division (PL 1, Fig. 12) only 2 chromosomes 
are shown, and at the end of this division there are 2 chromosomes in each 
daughter nucleus (PL 1, Fig. 14). It appears, therefore, that reduction in 
number of chromosomes has taken place at the first division. In contrast 
to this, the reduction occurs at the second division in the promycelia shown 
in plate 1, figures 16 to 18, as there are 4 chromosomes at the beginning of 
the second division (PL 1, Fig. 16). Variations in the chromosome condi- 
tions are shown in plate 1, figures 19 to 22, and 23 to 24. In figures 19 to 22, 
there apparently is no reduction in chromosome numbers either at fiist divi- 
sion or second division. Particular attention is called to figure 21, because 
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Plats 1, Pig. 1. A mature chlamydospore with a diploid nucleus. Pigs. 2-4. 
Different stages of the first division, in the chlamydospores. In figure 4, u is a papilla. 
Pigs. 5-6. Showing the migration of a nucleus from the ehlamydospore to the promy- 
celium. Pigs. 7-11. Various stages of first division in the promyeelium, showing the 
division figure. Pigs. 12-14. Various stages of second division, showing reduction in 
chromosome number in first division. Pig. 15. A normal promyeelium with four 
haploid nuclei, after two divisions. Pigs. 16-18. Reductions in chromosome number in 
second division. Pigs, 19-24. Abnormal reduction division. Pigs. 25-32. Initiation 
of dikaryophase by knee joint between two adjacent cells, showing migration of 
nucleus. Pigs. 33-34. Nuclear migration and association, slightly different from figures 
25-32. Drawn fx’ee-handj approximately x 1,000. 
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the nucleus is now in the third division, with 4 chromosomes still distinctly 
visible, and the spindle fibers are clearer than any others so far observed. 
In plate 1, figure 23, it will be seen that there are 2 nuclei with 4 chromo- 
somes eacli and 2 rvith 2 each ; consec[uently, there are 2 large nuclei alternat- 
ing with 2 small nuclei in the same promyeelium (See also pi. 1, Pig. 24). 

The frequency of fusion between the 2 middle cells and tie 2 end cells 
of the promyeelium support eytological evidence that reduction in chromo- 
some number may occur in either the first or second division. Therefore, 
in or del to obtain more definite information on the frequency of segregation 
in either division, observations were made on promyceliai cell fusions. 
Chlamydospores were germinated in potato-dextrose agar at 25° C. ; after 
72 hours, 300 counts were made on the frequency of cell fusion. The actual 
ratio of the middle to adjacent end cell fusion was 38.7:61.3 as compared 
with the theoretical ratio 37.5 to 62.5 (3:5) if the frequency of segregation 
in the first division and in the second division were equal.^ 

Bauch (2) and Hiittig (14) have shown that temperature has consider- 
able influence on the time of chromosome reduction in certain smuts. Pour 
different temperatures were tested for their effect on the time of chromo- 
some segregation. The results are given in table 1 from which it can be seen 


TABLE 1. — Effect of temperature on segregation of factors for sex in Ustilago 
crameri, as indicated hy the fusion of promyceliai cells 


Temperature, ® 0, 

Fusion 

Middle cells 

Distal cells 

Actual number 

Per cent 

Actual number 

Per cent 

15 

115 

37.8 

189 

62.2 

20 

118 

41.0 

170 

59.0 

25 

130 

38.7 

206 

61.3 

30 

121 

38.9 

190 

61.1 


that the ratio of middle cell fusions to adjacent end cell fusions is approxi- 
mately 3 : 5 at all temperatures. This also indicates that the ratio of segre- 
gation of sex factors in the first division is about equal to that in the second 
division and that the ratio was not modified materially by temperature. 

Origin of Haploid Colonies 

It is diffi cult to isolate haplonts in Ustilago crameri because no sporidia 
are produced. The writer attempted to obtain haploid lines by the method 
described by Christensen (7) for Ustilago tritici (Pers.) Eostr. To isolate 
haploid lines of Ustilago crameri, single chlamydospore cultures were made 
on hanging drops. As soon as the cultures could be seen with the naked eye, 

2 If segregation for sex factors occurs at random, in either the first or second division, 
then the frequency of segregation of sex factors in the first and second division should he 
6Qua.l unless erossing over occurs. However^ 25 per cent of tlie cell fusions of the second 
division should resemble those that occur when segregation takes place in the first division, 
that is, the fusion of the two middle cells and two end cells of the promyeelium, hence the 
3: 5 ratio. 
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tlie resulting small colonies were immediately transferred to agar tubes and 
finally to 2 per cent malt agar in 250-ec. flasks to wMeh enougli water had 
been added to cover the surface in a thin film. After 2 to 3 days the flasks 
were shaken vigorously to bring about fragmentation of the hyphae, in the 
expectation that single haploid cells might become isolated in the film of 
water on the agar. TV^hen colonies developed, further isolations were made 
in the usual manner. By this method a number of haploid colonies were 
obtained. 

It is known that a dieary otic hypha of smut may dissociate and give rise 
to haploids (4, 10, 12). It seems possible that sectors in culture, which are 
not uncommon in Ustilago cTamer% may in some instances originate by 
means of nuclear dissociation. In one ease 4 different sectors were obtained 
from a single chlamydospore culture and these, in subsequent tests, proved 
to be haploid (Fig. 1). Altogether, 47 haploid lines from 8 chlamydospores 
were isolated from sectors. 

In testing the compatibility or sexual reaction of these haploid lines on 
a susceptible host, no infection resulted when inoculations were made with 
single lines. Some of the paired combinations, however, resulted in 5 to 10 
per cent infection. Different paired combinations of these lines also were 
observed microscopically and various stages of fusion were observed between 
some of them (PI. 2, Pig. 42 to 45) . 

Initiation of Dicaryophase, In Ustilago crameri, after meiosis, each 
promycelial cell is usually haploid in nature but no sporidia are produced. 
Initiation of the dicaryophase usually results from fusion between 2 adjacent 
or nonadjacent cells of the same promycelium, but in certain cases fusion 
between promycelial cells of different chlamydospores also occurs (PL 1, 
Pig. 25 to 35 and PI. 2, Fig. 36 to 42). The migration of the nucleus from 
one cell to another, that is, the initiation of dicaryophase, always takes place 
as soon as the special fusion structure is formed. The detailed process of 
migration of the nucleus can be traced quite clearly in plate 1, figures 27 to 
35. After the dicaryophase is once initiated, it appears to be relatively 
persistent (PI. 2, Fig. 38). However, in certain eases the newly formed 
dicaryophyte may revert to the haploid condition and develop quite well. 
Apparently, d7. crameri is primarily homothallic but potentially hetero- 
thallic. 

The dicaryophase in most smut fungi is of comparatively long duration. 
It generally starts shortly after meiosis and continues until caryogamy dur- 
ing chlamydospore formation. In Ustilago crameri, whether growing para- 
sitically or saprophytically, the hyphal cells are mostly binucleate. Usually 
they branch and develop very rapidly after entering the host. The younger 
hyphal cells are so full of cytoplasm that it is hard to determine where the 
septa are. 

As the mycelium grows, uninucleate and multinueleate cells appear more 
abundantly. Aberrant nuclear behavior is quite common in many different 





Pig. 1. Duplicate colonies of four haploid lines of chlamydospore XIII showing 
cultural characters that have persisted since the lines were isolated. 


species of the smut fungi, and even at different stages of development of a 
species, although the reason is not entirely clear (3, 8, 18, 22, 24) . 

The significance of clamp connections in the Hymenomyeetes has been 
studied quite thoroughly, while in the smut fungi very little is known about 
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them Some smuts form typical clamp connections ; others form none, or 
only atypical ones (8, 12, 21, 22). In VstUago crameri, clamp-like connec- 
tions are often present on the mycelium in the host. Observations indicate 
that they probably are abortive hyphae. 
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Nuclear Fusion and Ghlamydospore Formation. In most smut fungi 
the tiue diplophase does not begin until chlamydospore formation, and 
earyoganiA' occurs on maturation of the ehlamydospores (9, 17, 18,' 24). 
Under favorable conditions ehlamydospores of Fstilayo crameri may be 
formed in any part of the host plant, except the roots, within 15 days after 
seed germination. However, they usually are formed only in the ovary 
of the young spikelet of the ear. At the beginning of spore formation the 
hyphae, composed of binucleate cells, are both intra- and intercellular. 
When they reach the cells of the ovary they branch rapidly, just as in the 
early stages of infection. The mycelial branches, which are either uni- or 
binucleate, then become twisted, interwoven, and grouped into cluster-like 
aggregations. This is quite similar to what has been reported by various 
investigators for a number of other smuts (8, 9, 17, 29). The walls of the 
mycelial cells soon begin to gelatinize, and the cells in their sorus primordium 
continue to grow and swell until the process of gelatinization is complete. 
In the young floAvers these soruS primordia may be rather numerous, some- 
times coalescing and destroying the entire flower. Meanwhile, the hyphal 
branches appear to break up into irregular segments lying in the matrix, 
but the number of nuclei in such cells is not distinguishable. A little later, 
the gelatinized membrane disappears, and the nuclear behavior in these seg- 
ments is clearer. At this time the cells change in shape and size, probably 
during or just before the time of nuclear fusion. Eventually, the cells 
enlarge, round up, form walls, and become mature ehlamydospores. Appar- 
ently the spores sometimes may be formed in an intercalary manner also. 

Nature of Infection. Although Kiihn (see 6) and Brefeld (6) observed 
and recorded the time and place of infection in Ustilago crameri, there is no 
definite information on the nature of infection. This problem was investi- 
gated by the Avriter, particularly in relation to the nature of resistance, 

In order to study the early stage of infection in millet seedlings, seeds of 
a susceptible variety, Kaifeng No. 142, and a resistant one, Nanking No. 31, 
were treated with formaldehyde in the usual manner and inoculated by 
dusting Avith a collection of ehlamydospores from China. The inoculated 
seeds Avere placed between water-saturated pieces of cotton and incubated in 
a moist chamber at 25° C. 

During germination, materials were studied in both temporary and per- 
manent mountings. For examination of living materials, stripped epidermis 
or parts of the young seedlings were taken on 7 successive days, stained with 
safranin and gentian violet, and mounted in water. Other materials were 
killed, fixed, and stained at the end of the 2nd, 3rd, 5th, and 7th days after 
inoculation. 

Materials for sectioning were fixed in either Flemming’s weak solution, 
Nawaschin’s solution, or Bopin’s solution in the modifications suggested by 
Allen (1) . To hasten penetration, the preparations were placed in a partial 
vacuum until the materials sank. After fixing, the materials were imbedded 
in paraffin and cut into sections 4 to 10 p thick. Flemming’s triple stain. 
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Heideuhain’s iron-alum haematoxylin, THonin and orange G., or safranin 
and fast green were used to stain young infected seedlings. 

Twenty-four hours after the seeds had been put under favorable condi- 
tions for germination the young radicle and the plumule had emerged. 
Forty-eight hours after germination, most of the promycelial cells of the 
germinating chlamydospores on the seeds had started to fuse and infection 
appeared to take place during or shortly after that time. 

In an effort to locate the place of infection, many inoculated seedlings, 
both of resistant and susceptible varieties, were examined 48 hours after 
germination. No difference in initial penetration into the two varieties was 
observed, the fungus entering the resistant variety (Nanking No. 31) as 
well as the susceptible one (Kaifeng No. 142). The fungus can enter any 
part of the seedlings, but seems to prefer the eoleoptile. However, the 
germ tubes sometimes can penetrate the root hairs, and may grow through 
the root completely. 

As the hypha reaches a cell wall in the eoleoptile, after initial infection, 
it forms a spherical tip closely appressed to the cell wall. In certain cases, 
the part of the cell wall in contact with the hypha is stained a deep red with 
the triple stain, as is true also in oat smut (16) . There were some indications 
that the hypha enters through a hole in a softened wall, but penetration by 
means of a fine thread or a thicker hypha also could be seen. These observa- 
tions, together with the results of other investigators, led to the general con- 
clusion that some unknown chemical changes may take place in the host-cell 
walls when the hyphae penetrate them. 

Distribution of Mycelium in Host Tissue at Various Stages 
of Development 

Susceptible Variety — Kwifeng No. 142. After the infection tube enters 
the host, it develops and branches rapidly within 24 hours. Occasionally, 
the hyphae in the epidermal cells are larger than those in the later stages, 
but this is not known to be universally true. In order to locate the mycelium 
at each stage of development, a series of longitudinal sections were made. 
In the eoleoptile of a 2-4-day-old seedling the mycelium had not extended 
beyond the third layer of the eoleoptile. Mycelium proved much more 
abundant in the central and upper parts of the eoleoptile than in the lower 
part. This is possibly due more to the elongation of the eoleoptile than to 
the selective penetration of the fungus. In 4-day-old seedlings, the new 
hyphae appear to be narrower than the original ones. In the meantime, 
the mycelium grows up and down, crosses the space between the eoleoptile 
and the first leaf or passes directly to the meristematic regions and the vas- 
cular system and eventually enters the growing point. From now on the 
mycelium is either intracellular or intercellular in the vicinity of the grow- 
ing point. It has been found in the adventitious roots in 21-day-old plants. 

In the studies of the resistant variety Nanking No. 31, it was found that 
there is no difference whatever with respect to the initial penetration. 
Twenty-four hours after the germination of the seedlings, no branch devel- 
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opment of the infecting hyphae could be observed. They have been found 
in the second or third layer of the coleoptile in 5-day-old seedlings. Later, 
they disintegrate into short, isolated, intracellular segments. Of all the 19 
seedlings examined, only 2 were found in which hyphae had penetrated to 
the meristematie region of the growing point. Further development was 
not followed. Since Nanking 31 is occasionally attacked by smut, the inva- 
sion by the hyphae of certain collections of Ustilcigo CTCLwiGTi is of course 
expected. 

DISCUSSION 

It has been known since the work of Dickinson, Hanna, Stakman, and 
others (11, 12, 13, 19, 23) that segregation of factors for various characters 
in the smuts occurred either in the first or second division of the fusion 
nucleus. But there was only circumstantial evidence that reduction in 
chromosome number had occurred, because the possibility of crossing over 
could not be eliminated. In the present studies it was demonstrated cyto- 
logieally for the first time that reduction in chromosome number actually 
occurred in the first, or the second, or, occasionally, in the third division. 

When chlamydospores of TJsiilago crameri germinate, they produce a 
promycelium but no sporidia. The nucleus in the chlamydospore appar- 
ently is diploid. Meiosis usually occurs within the chlamydospore as it 
starts to germinate or may occur in the young promycelium. Eventually 
a 4-eelled promycelium is formed, with 1 nucleus in each cell, which, on the 
basis of behavior and from the standpoint of the number of chromosomes, 
usually is haploid. 

The haploid number of chromosomes is 2, as in most other smuts in which 
they have been seen, and the diploid number is 4. Occasionally, a diploid 
nucleus may be included in a promycelial cell. In such cases reduction in 
chromosome number occurs on the third division of the fusion nucleus. 
These results furnish eytological proof that some of the unexpected results 
that have been obtained from isolating sporidia of other smuts may be due 
to the fact that a promycelial cell may contain a diploid nucleus or 2 haploid 
nuclei instead of the usual single haploid nucleus. 

As no sporidia are formed in Zfstilaga crameri, and the parasitic dicaryo- 
phase results principally from fusions between cells of the same promycelium 
(fusion tubes between different cells or by clamp-like connections between 
adjacent ones), the chances for recombination of factors for pathogenicity 
probably are not so great in Ustilago crameri as in those smuts that produce 
sporidia abundantly. However, fusions have been observed between cells 
of promyeelia from different chlamydospores and this may lead to the pro- 
duction of new biotypes. These facts rnay have an important bearing on 
the number and constancy of physiologic forms in Ustilago crameri.^ 

Penetration into the host usually is accomplished by the promycelium 
directly, or by branches from it, which evidently are mostly dicaryotic. It 
appears that penetration is accomplished by mechanical pressure and pos- 
sibly also by enzymatic action, as the walls of the host seem to be softened 
s TTnniiblished data of the writer. 
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during the process of penetration. Under favorable conditions, the m^yce- 
lium is well established in the host 3 days after inoculation. The early 
stages of infection are essentially the same for susceptible and resistant 
varieties. However, the mycelium rarely reaches the growing point of the 
resistant varieties f whereas it becomes abundant in that of susceptible varie- 
ties within a relatively short time. 

SUMMAEY 

The mature chlamydospore of Ustilago crameri has a diploid nucleus, 
but each promyeelial cell usually contains 1 haploid nucleus as a result of 
reduction division. In the meiotic figures, it is apparent that the chromo- 
some number of the diploid stage is 4 and that of the haploid stage is 2. 

Nuclear migration and initiation of the dicaryophase results from Imee 
joints or fusion tubes between adjacent and nonadjacent promyeelial cells 
and between promyeelial cells of different ehlamydospores. Fusions usually 
begin immediately after meoisis is completed. 

Based on the number of chromosomes and frequency of possible fusion 
types between promyeelial cells, it is concluded that meiosis occurs not only 
in the first division but frequently in the second division, and occasionally in 
the third. 

The separation of 2 conjugate nuclei that have been associated in a single 
cell and the subsequent production of uninucleate hyphal cells have been 
observed. 

Binucleate hyphal cells predominate in culture and in the host through- 
out the life cycle until the late stage of chlamydospore formation. The two 
haploid nuclei of opposite sex then fuse, and the mature chlamydospore con- 
tains only one diploid nucleus. 

The process of chlamydospore formation in the host is dijBferent from 
that in artificial cultures. In the host, spores are formed chiefly by segmen- 
tation of the hyphal cells, while in culture they usually are formed in an 
intercalary manner. 

The alternation of phases in general is very distinct in Ustilago crameri; 
cliplophase, haplophase, and dicaryophase follow in order. 

Infections were observed by dicaryotie hyphae in 2-day-old seedlings of 
resistant and of susceptible varieties when ehlamydospores germinated on 
the host ; the promycelia or dicaryotie hyphae derived from them function 
as infection hyphae and apparently penetrate by mechanical pressure, al- 
though there is some evidence of softening of the cell wall also. 

In susceptible varieties the infection hyphae develop and branch rapidly 
and intracellularly in the eoleoptile and enter the meristematic tissue as 
early as 4 days after seed germination, while in the resistant variety only 2 
of the 19 seedlings observed were found with hyphae in the meristematic 
tissues. 

University Farm, , 

St. Paul, Minnesota. 
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SOME FACTORS INHIBITING THE FRUCTIFICATION AND 
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INTRODUCTION 

It is general knowledge among mushroom growers, particularly those 
engaged in growing mushrooms in underground caves or mines, that in 
sections lacking normal air drainage mushrooms of abnormal size and shape 
are formed. Where there is complete lack of air drainage, fructification 
ceases entirely. Although there is but little known as to the limiting factors 
involved, improvement in the air drainage will remedy this condition. Some 
light was thrown on this subject by the work of Lambert (1) who demon- 
strated that CO 2 in concentrations of five per cent, or more, surrounding 
the sporophore will cause abnormal growth and, in certain instances, death 
of the mushroom. No explanation is available up to the present as to the 
factors causing complete cessation of fructification of mushrooms under 
conditions where air drainage is at a minimum, and CO 2 concentrations are 
low. In a series of experiments an attempt was made to determine the 
nature of the substances responsible, or at least to find a way to remove 
them with methods other than increased air drainage, or circulation. These 
experiments, a project of the research department of Yoder Bros., were 
conducted in part in a limestone mine at West Winfield, Pennsylvania, But- 
ler County Mushroom Farms, Inc., and in part at the mushroom plant of 
Yoder Bros, at Barberton, Ohio. 

EXPERIMENTAL METHODS AND RESULTS OBTAINED 

The experiments were conducted in both field and laboratory with the 
object of applying the results to mushroom culture under mine (cave) 
conditions. Their primary purpose was the removal of substances inter- 
fering with the fructification and production of mushrooms. 

The two-zone’’ tray system recently described by Lambert (4) wms 
used in these experiments. In essence this system employs individual trays, 
or growing units, usually not exceeding 10 square feet per tray. The growl- 
ing media consisted either of horse manure, or of a mixture of horse manure, 
corn stalks, wheat straw, and protein supplements. The horse manure 
received 3 to 5 turnings with an average of 17 composting days ,v the horse 
manure-organic material mixture, 8 turnings with an average of 25 com- 
posting days. Before filling the trays for the individual sub-experiments, 
the compost was thoroughly mixed so as to reduce the effect of compost 
heterogeneity on mushroom yields (2, 3). After pasteurization (sweating- 
out process) the trays were moved to the growing rooms, as needed for the 
various experiments. For field experiments the average yields of 4 single 

im 
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lO-sq.-ft trays are recorded for each sub-experiment; (nature of sub-experi- 
ment no given). These small individual units were chosen for the reasons 
described by Lambert (3), who found that “the variance of small plots 
wms in all cases less than the variance of entire beds. Furthermore the small 
plots permit a greater number of yield comparisons on the same area and 
also permit increased precision through repUcation and through the arrange- 
ment of the plots to reduce the effect of compost heterogeneity and account 
for the variability between beds.” For laboratory experiments single 
square-foot units were used. 

The compost was planted with a culture of a single-spore strain of the 
cultivated mushroom Agaricus campestris L., received from J. W. Sinden 
of the Pennsylvania State College. When the mycelium growth was com- 
plete, the trays were cased with soil for fructification and production. 

Other material, as well as the methods employed, are described under 
eaeh series of experiments. 


Series 1. The Effect of ^‘Locations within the Mine’’ on the 
Priietification and Production of Mushrooms 

Duplicate trays of several experiments were set in different rooms of the 
mine in order to study the effects of ‘aoeations within the mine” on fructi- 
fication and production of mushrooms. For all experiments, except 33, the 
mycelium was grown and fructified in the same location. In experiment 33, 
part of the trays, after the mycelium growth was complete, were moved to 
other locations for fructification. 


TABLE 1 . — The effect of locations within the mine^^ on mushroom production 


MTcelium 

Mushroom 

Number of 

Average yields in lb. 

grown 

produced 

days picked 

per pounds per 
sq. ft. 


Experiment 18. Duration; December, 1937, to July, 1938 


Mine room B ' 

Mine room B 

120 

2.69 

Mine room 53 

Mine room 53 

120 

0.55 


Experiment 24. Duration: January, 1938, to August, 1938 


Mine room B 

Mine room B 

120 

1.75 

Mine room 53 

Mine room 53 

120 

0,94 


Experiment 33. Duration: March, 1938, to October, 1938 


Mine room B 

Mine room B 

84 

'2.48 . 

Mine room B 

Mine room C-E 

84 1 

1.93 

Mine room B 

Mine room 94 

84 i 

1.81 


Summary of Facts and Conclusions of Experiments Under Series 1. 
During the experiment it became evident that the various locations within 
the mine affected mushroom yields. Trays in room B consistently out- 
yielded those in other rooms. This room, being close to the main air passage 
of the mine, received excellent air drainage. The air movement of the 
other rooms was subject to whatever air exchange was present for the 



1136 


Phytopathology 


[VoL. 33 


entire mine tlironghont the time the experiments were conducted. This 
air exchange varied with the prevailing atmospheric conditions outside the 
mine. These rooms, because of their locations within the mine, were never 
at optimum conditions for mushroom production. 

Numerous tests for carbon monoxide and carbon dioxide were made at 
short intervals for the various locations in the mine. Although it was pos- 
sible that the exhaust of the motor vehicles used, as well as the fumes from 
the workers ’ lamps, might have increased the monoxide content of the mine 
atmosphere, no trace of this gas was found in any of the samples taken. 
The carbon dioxide content of the air varied, but never exceeded 0.06 per 
cent in any sample taken. The temperature of the mine (13 to 14° C.) and 
the humidity (95 to 97 per cent) were constant throughout the duration of 
these investigations. The differences in yields obtained for the various 
rooms could hardly be explained by the above-mentioned factors. 

It was of interest to note that, particularly at the beginning of fructi- 
fication, the trays were covered with an abundance of small sporophores. 
Trays in room 53 not only showed the largest number of sporophores, but 
also strands of heavy vegetative mycelium. Quite a number of these small 
sporophores did not develop into mushrooms and died off. Trays in room B 
showed normal fructification without the heavy mycelium strand formation. 

Since such a proliferous tendency to fructification is seldom found in 
mushroom houses, this phenomenon suggests the presence of a substance, 
or substances, in the mine that, in small amounts, act as a stimulant to fructi- 
fication. When present in larger amounts it will not only arrest the sporo- 
phore growth, but will entirely prevent fructification. 

Since the mushroom mine may be considered as a large incubator with 
constant humidity and temperature and limited natural air drainage, the 
behavior of the mushroom (or sporophore) suggests that the effect of these 
toxic substances is general. This assumption led to two sets of experiments 
that will be described as the closed-room-effect’’ and the ^^place-effect” 
experiments. 

The term '‘closed-room-effect” designates a condition in which the air 
circulation is kept at a minimum, allowing for the accumulation of toxic 
substances in such quantities as to inhibit entirely the fructification and 
production of the mushroom. 

The term "place-effect” designates the condition of growing mush- 
rooms in both mine and mushroom house and measuring the differeuee in 
yields in order to establish a relative depressing effect of the mine at any 
given time. 

Series 2. The "Place Effect” on the Fructification of 
Mushrooms 

Prom the numerous experiments in this series conducted from 1938 to 
1943, inclusive, only 4 will be presented here to demonstrate the fluctuation 
of the mine atmosphere and its effect on mushroom fructification and pro- 
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ductioii as coiiipaied with, house atmosphere. In these experiments notes 
also weie taken on the development of mycelium under these conditions. 
Foi compaiative tests identical sets of trays were ^Towm in the mine and 
the miisliroom house. The mushroom house located at Barberton, Ohio, will 
be designated as house, and the limestone mine (cave) located at "West 
Winfiekl, Pa., as ‘‘mine’’ (Table 2). 

After completion of the growth of the mycelium, halves of either set of 
1 rays were interchanged in order to study the “place effect” on the fructn 
fi(!ation and production of mushrooms. 

TAB-LE 2 .' — The place effect of house and mine culture on the production of mush- 
rooms 


Myeelinm Miislirooms 
grown produced 


Number 
of days 
picked 


Pounds per sq. ft. sub-experiment 


Experiment R-9B. Duration: Oct., 1938, to May, 1939 





1 

2 

3 

4 

5 

House 

House 

94 

1.41 

1.57 

1.76 

1.66 

1.88 

House 

Mine 

94 

1.45 

1.71 

1.92 

1.83 

2.12 


Experiment EE. Duration: Oet., 1940, to July, 1941 





EE-1 

EE-2 

EE-3 

EE-4 

EE-5 

Aline 

Mine 

106 

1.30 

0.80 

1.12 

1.51 

1.67 

Aline 

House 

61 

1.71 

1.29 

1.65 

2.32 

2.38 

House 

House 

128 

2.42 

1.62 

2.40 

2.91 

2.55 

House 

Aline 

125 

1.87 

1.51 

2.03 

2.42 

2.17 


Experiment A-B. Duration: Oet., 1941, to May, 1942 


House 

House 

House 

Mine 

80 

80 

6 

. 7 

13 

15 

16 

1.87 

1.49 

2.29 

1.84 

2.11 

1.51 

2.33 

1.72 

2.16 

1 1.51 


Experiment lA, IB, 3A. Duration: 

Oet., 1942 

, to March, 1943 





lA 

IB 

3A 



House 

House 

94 

2.01 

2.16 

1.81 



House 

Mine 

84 

1.86 

2.21 

1.85 



Aline 

Mine 

67 

1.88 

2.07 

1.97 




Silfnmury of Facts and Conclusion of Experiments Under Series 2. 
Mycelium, grown under mine or house conditions, was excellent. There was 
no visible “place effect” on its development. 

Conditions under which fructification and production of mushrooms took 
place varied. Since the trays of experiment K^9B were placed directly in 
the main air passages of the mine, the constant natural air flow present was 
sufficient to prevent accumulation of substances interfering with the fiuc- 
tification and production of the mushrooms. In this experiment no place 
effect of the mine could be observed. However, trays placed in other see- 
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tions of the mine, but not included in this experiment, showed a distinct 

place effect, that is, lower yields resulted. 

Shortly before experiment lA, IB, and 3A was started, an^ artificial 
ventilation system was installed in the mine. Inasmuch as the mine yields 
obtained in this experiment equalled house yields, it may be concluded that 
the artificial ventilation of the mine was sufficient to remove any harmful 
gases present. 

The results of the two other experiments (BE and A-B) reflect the un- 
favorable atmospheric conditions of the mine. During the experimental 
periods there was little actual air movement in the mine, and the accumula- 
tion of toxic substances must have been considerable. Increased sporophore 
formation, dying of small mushrooms, small-sized mushrooms and lower 
production yields resulted as compared with those produced under house 
conditions during the same period. 

These experiments have failed to show why mine mushrooms are smaller 
on the average than house mushrooms. The causes for this phenomenon are 
not necessarily associated with production yields. Production in the mine 
was equal to house production, but the mine mushrooms were smaller in size 
than the house mushrooms (Table 2, Exp. Er-9B and lA, IB, 3A). 

Series 3. The Closed-room Effect on the Fructification and 
Production of Mushrooms 

Experiments in Series 1 and 2 demonstrated that mine rooms having but 
little air movement exerted a harmful effect on the fructification and pro- 
duction of mushrooms. The question naturally arises as to what would 
happen if the air circulation in the mine room was cut off entirely. 

The dead ends of two mine rooms were sealed off with building paper 
from the remainder of the rooms. No attempt was made to have them abso- 
lutely air-tight. The sealed-off sections were labeled ‘‘inside’’ and the 
remaining rooms were marked “outside,” and had access to the normal air 
drainage of the mine. Trays with previously prepared compost were set 
up in each section, and the mycelium was grown both “inside” and “out- 


TABLE 3. — The effect of inside^ ^ and ‘^otitside*^ of mine rooms on fructification 
and production of mushrooms 

(Duration of the experiment: Dec., 1938, to Aug., 1939) a 


Mycelium grown 

Mushrooms produced 

Lb. per sq.ft. 

Inside room 54 

Inside room 54 

0.00 

Inside room 54 

Outside room 54 

0.77 

Outside room 54 

Inside room 54 

0.00 

Outside room 54 

Outside room 54 

1.32 

Inside room D 

Inside room D 

0.00 

Inside room D 

Outside room D 

0.77 

Outside room D 

Inside room D 

0.02 

Outside room D 

Outside room D 

1.48 


a Dr. E. P. Hopkins of the Yoder Bros. Besearch Department was in ckarge of this 
experiment at West Winfield, Pa. 
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side.” The other halves of either section of the rooms remained where they 

were grown. ■ 

Summary of Facts and Conclusion of Experiment tinder Series 3. From 
its appearance tlie iiiyceliimi grown both * inside’’ and outside'^ appeared 
excellent. 

Fructification, however, took place only in the ^‘outside” sections of the 
rooms; and this ocenrred irrespective of where the mycelinm was grown. 
There was one exception, however. Mycelium grown ‘‘outside’’ room D and 
then moved “inside” the same room produced some mushrooms. The 
reason for this apparent contradiction of the closed-room effect on fructifi- 
cation was found in later studies given under Series 4. Here it was demon- 
strated that wlieii spoi*ophore formation took place before the trays were 
exiu)sed to the ('losed-room effect some of the mushrooms developed. This 
undoubtedly took place with the mycelium grown “outside” room D, since, 
as has been frequently observed, mycelium grown under mine conditions 
will frmdify, even in absence of casing soil. Undoubtedly some of the 
mycelium in this group of trays fructified before it was cased and placed 
‘ ‘ inside. ’ ’ Hence the mushroom yields recorded. 

Myceliuin grown “inside” and then moved “outside” for fructification 
produced only half as much as that grown and left “outside” for produc- 
tion. This wmuld indicate that mycelium, grown under closed-room condi- 
tions (inside) has a lo-wer production capacity. 

The mine wdth its limited natural air flow can be considered a semi-closed 
room, and mycelium grow'ii under such conditions should have a production 
capacity inferior to that grown under house conditions. This actually has 
been demonstrated. As will be recalled (Experiment BE, Table 2) my- 
celium grown under mine conditions resulted in inferior yields when com- 
pared 'with that from house conditions. When there is a positive and con- 
tinuous air movement (artificial ventilation) mycelium grown under mine 
conditions will produce equally as well as that grown under house conditions 
(experiment lA, IB, 3A). 

Series 4. The Fructification of Mushrooms under Controlled 
Atmospheric Conditions 

In the preceding experiments it has been shown, that in mines (caves) 
lacking air drainage or exchange, mushroom fructification and production 
•will be affected. Questions arise as to the nature of the substances respon- 
sible and the possibility of removing them. 

It is general knowledge that waste products formed in the metabolic 
processes of fungi exert a harmful effect on the producing organism. The 
term staling products has been applied because the nature of these products 
is not fully understood. Similar substances are produced by the microflora 
responsible for the decomposition (conditioning) of the organic materials 
used in the preparation of the mushroom compost. An accumulation of 
these products continues in this medium, coming in part from the mieroflora 
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present, and in part from the cultivated mushroom itself. In commercial 
mushroom culture it is impossible to remove these substances from the grow- 
ing medium either by washing or leaching. Additions of chemicals such as 
copper sulphate to the growing medium or the improvement of its oxidation- 
reduction system through the use of manganese sulphate and ferric sulphate 
resulted in increased yields (unpublished data). Aside from those that 
combined with the medium itself, there are some that, due to their volatile 
nature, are released into the surrounding atmosphere. These only Avill be 
considered in this paper. 

It has been shown that air polluted with these volatile substances will be 
detrimental to the fructification and production of mushrooms. Under nor- 
mal growing conditions, such as prevail in mushroom houses, these sub- 
stances are readily removed and carried off with an exchange of air. 
Furthermore, the fluctuation of temperature (and humidity) in the houses 
and its effect on the periodic drying of the easing soil and the culture 
medium, will greatly facilitate the removal of these gases. 

Due to the constant temperature and humidity conditions in the mush- 
room mine, it can be assumed that the rate of liberation of these substances 
from the growing media is slow. Such an accumulation in the medium will 
affect fructification and production of mushrooms. If present in small 
amounts, such substances may stimulate vegetative growth. It has been 
observed generally that mycelium grown under mine conditions is more pro- 
fuse than that grown under house conditions. The proliferous sporophore 
formation may also fall under such a stimulant effect. It is an established 
fact that such a proliferous sporophore formation usually results in a crop 
of small mushrooms, particularly in mines. High accumulations of these 
substances in the culture medium, as well as in the surrounding atmosphere, 
will stop fructification entirely. The term ‘‘closed-room effect” has been 
applied to such conditions (Series 2). 

The removal of these substances by artificial air exchange, a problem of 
mechanical nature, has not been considered in these studies. Due to the 
volatile nature of these substances the following experiments were designed 
to remove them by washing the air. 

EXPERIMENTAL METHOD AND PROCEDURE 

To simulate cave, or closed-room conditions, special chambers for grow- 
ing mushrooms were built. The frames were made of wood and painted 
with du Pont primer. The sides were of glass. One end of the chamber 
was removable, and after it was loaded with the mushroom trays, it was 
sealed with putty. There was an outlet on each end for air-tube connec- 
tions. These chambers had a capacity of 12 eu, ft. each, and were set in a 
large room in which the average temperature was 14° G. Small air pumps, 
2 cu. ft. capacity per minute, were used for circulating the air in the mush- 
room chambers. The air was pumped through the various air-washing 
equipment periodically. Water traps were installed between the solutions 
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used, except in the sulphuric acid experiment, where the desired relative 
humidity in the culture chambers was maintained. The following materials 
for washing the air were used: 1. Alkaline potassium permanganate solution 
3 lb. of sodium hydroxide plus 2 ounces of potassium permanganate per 5 
gal. of water. 2. Dorex Cannister containing activated charcoal, obtained 
from the W. B. Connor Engineering Co., New York, N. Y. 3. Mineral oil 
(commercial grade). 4. Sulphuric acid (commercial grade). 

The mycelium for these experiments was grown in special sq. ft. trays. 
After completion of the growth, the trays were eased with soil, watered, and 
placed in the various chambers. After loading the chambers, the outlets 
were connected with the air-washing equipment by means of rubber tubing. 

Duration of the experiment: August, 1942, to March, 1943. 

Experiment A 

In this set the mycelium was grown under house conditions. After the 
trays were cased with soil they were placed in the chambers. The air in 
chambers 1 and 2 was washed periodically at 6-hour intervals, moving 40 
eu. ft. of air through the washing units. Chamber 3 did not receive any 
washing. . 

Chamber 1. Direction of air flow: mushroom chamber — airpump — 
water trap- — ^mineral oil — water trap — alkaline potassium permanganate 
solution — wmter trap — ^return to mushroom chamber. Results. Sporo- 
phores formed after 17 days of washing. The development of the fruit 
bodies was normal. 

Chamber 2. Direction of air flow: mushroom chamber — airpump — 
Dorex Cannister— return to mushroom chamber. Results. Sporophores 
formed after 19 days of washing. The development of the fruit bodies was 
normal. 

Chamber 3. No washing of the air. Results. A heavy surface growth 
of the mycelium appeared on top of the easing soil. No sporophore forma- 
tion occurred. 

Experiment B 

As in experiment A, mycelium that had completed its growth was used 
in this set. Here, an attempt was made to differentiate between the ability 
of mineral oil and that of alkaline potassium permanganate solution to 
remove the substances. The same period for washing the air was main- 
tained as in experiment A. 

Chamber 1. Direction of air flow: mushroom chamber — airpump— 
water trap — alkaline potassium permanganate solution— water trap — ^return 
to mushroom chamber. Results. Sporophores formed after 16 days of 
washing. The development of the fruit bodies was normal. 

Chamber 2. Direction of air flow: mushroom chamber — airpump— 
water trap— mineral oil— water trap— return to mushroom chamber. 
Results. Sporophores formed after 16 days of washing. The developing 
fruit bodies showed the typical CO 2 effect, as described by Lambert (1). 
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The stipe was elongated and the pilens was retarded in its development, 
giving the mushroom an out-of-proportion appearance. 

Chamher 3. No washing of the air. Results. Similar to those as given 
under chamber 3, experiment A. 

Experiment C 

In this set an attempt was made to determine firstly (tray a), whether 
trays in the process of fructification and production would continue if placed 
under closed-room conditions; secondly (tray h), whether cased mycelium 
exposed to closed-room conditions for a period of 28 days could be made to 
fructify and produce mushrooms; thirdly (tray c), the use of outside-grown 
mycelium for comparison. 

After loading the trays in the chamber, the air in chambers 1 and 2 was 
washed for the same interval as given under experiments A and B. 

Chamher 1 and 2 (duplicates). Direction of air flow': mushroom cham- 
ber — airpiimp — water trap — alkaline potassium permanganate solution — 
w^ater trap — return to mushroom chamber. 

Tray a. Results. Sporophores continued to appear. Fruit bodies 
present before trays were put into chamber continued to develop normally. 

Tray h. Residts. Sporophores developed after 26 days of washing. 
The total number formed was somewhat less than those forming on tray c. 
The development of the fruit bodies was normal. 

Tray c. Results. Sporophores formed after 16 days of w^ashing. The 
development of the fruit bodies was normal. 

Chamher 3. No washing of the air. 

Tray a. Res'iilts. No further sporophores formed. Some of the fruit 
bodies present developed into mushrooms of gigantic proportions. The 
length of stipe was about 2 to 3 times that of outside-grown mushrooms. It 
was swollen at the base and of dumbbell shape. The pileus wms abnormally 
large, misshapen, and not so symmetrical as that of a normal mushroom. 
Some fruit bodies had a small pileus resembling those formed under condi- 
tions having a high CO 2 concentration of atmosphere. The rate of develop- 
ment of these fruit bodies was very rapid, and at maturity they soon col- 
lapsed. Other fruit bodies remained ''seated.” They bulged, onion-like, 
at the base. 

Tray h and c. Results. No sporophore formation. There was a heavy 
growth of mycelium on top of the casing soil. 

Experiment D 

111 this set an attempt was made to determine whether the relative humicT 
ity of the air surrounding the mushroom trays affects sporophore formation 
and the development of the fruit bodies. Sulphuric acid served as the 
humidity-conti ol agent. The concentrations of the acid were determined 
by speeiflc-gravity measurements (5, 6). The alkaline potassium perman- 
ganate solution was employed for removal of the volatile gases. The air in 
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the chambers was washed at 2-hour intervals over a period of 28 days. The 
sulphuric acid was replaced every 4 days through the period of the experi- 
ment. Mycelium grovm under outside conditions was used after completion 

of its growth. 

ChciMher 1, Direction of air flow, mushroom chamber — airpump — 
water trap — alkaline potassium permanganate solution— water trap— sul- 
phuric acid at a concentration to maintain an average humidity of 35 per 
cent— return to mushroom chamber. Results. Sporophores formed after 
18 days of washing. The developing fruit bodies were normal in shape, 
except for their size. It was observed that these mushrooms were more 
compact and had a shorter stipe and smaller pileus than mushrooms grown 
under outside conditions. 

Chamber J2. Direction of air flow: mushroom chamber — airpump — 
water trap — alkaline potassium permanganate solution — w^ater trap — sul- 
phuric acid at a concentration to maintain an average humidity of 88 per 
cent — ^I’eturn to mushroom chamber. Results. Sporophores formed after 
washing 19 days. The developing fruit bodies were of normal shape and 
size. 

Summary of Facts and GoncUisions of Experiments under Series 4. 
Trays placed in air-tight chambers receiving no air washing failed to fruc- 
tify. Conditions in these chambers did not interfere with the growth of the 
mycelium. A heavy surface growth on top of the casing soil was present on 
all of the trays exposed to these conditions. 

Trays in the process of production placed in these chambers exhibited an 
interesting picture. No new sporophore formation took place. Fruit 
bodies present before the trays were placed in the chambers continued to 
develop. Some of them grew into mushrooms of abnormal shape, and size, 
others remained seated,’’ bulging, onion-like, only at the base of the stipe. 
The large fruit bodies formed collapsed soon after reaching maturity and 
disintegrated. Their keeping quality was poor in comparison with outside- 
grown mushrooms. Sister trays, placed in chambers from which the toxic 
substances were removed, continued to fructify and develop normal mush- 
rooms. 

Removal of the toxic substances inhibiting fructification was accom- 
plished wdth either mineral oil, alkaline potassium permanganate solution, 
or activated charcoal. Since mineral oil did not remove the CO 2 , an 
accumulation of this gas in the chamber resulted in malformed mushrooms, 
as described by Lambert (1). The fact that these substance^ can be re- 
moved with mineral oil suggests that their nature may be that of unsat- 
urated hydrocarbons, readily soluble in a highly purified hydrocarbon. 
Solutions of alkaline permanganate removed the toxic substances by oxida- 
tion. This implies that these toxic substances may be of the nature of non- 
saturated hydrocarbons, which are readily oxidized. 

The reason for the common practice of supplying air to growing mush- 
rooms can be explained on this basis. Positive air movement insures a bet- 
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ter oxygen supply 7 particularly in regions where the mycelinm grows. Under 
niiishroom-house conditions, this is easily accomplished. The frequent 
watering and drying of the mushroom media will aid this process ; hence, 
normal mushroom yields in houses. Under mine conditions, due to constant 
temperature and humidity, there is a minimum of air movement, which, in 
part, explains the lower mushroom yields obtained under these conditions. 

Activated charcoal, the principal ingredient of the Dorex Cannister, was 
also effective in removing the toxic substances, together with the CO2 
present. 

Whether the humidity was maintained at either 35 or 88 per cent was 
immaterial for sporophore formation in these experiments. Low humidity, 
however, restricted the development of the fruit body, giving mushrooms of 
normal shape but smaller than those formed in higher humidity. 

It was of interest to note that mycelium previously exposed to closed- 
room conditions over a period of 28 days after casing could be made to 
fructify by washing the air. The mycelium, however, needed a longer time 
for sporophore formation than normally cased mycelium. Whether this 
delay in fructification was due to an exposure of the mycelium to closed- 
room conditions after easing, or to a weakening of the mycelium by pro- 
longed respiration has not been determined. 

The very fact that substances belonging to the unsaturated hydrocarbons 
are effective in inhibiting and preventing fructification of the cultivated 
mushroom Agaricus campestris without interfering with the growth of 
the mycelium proper, as shown in this paper, suggests that : Substances of 
the same nature could be used effectively in the control of some plant diseases 
caused by fungi. Preventing the fungus from fructifying eliminates dis- 
semination of spores and the disease will be restricted to its primary infec- 
tion centers, even though the mycelium may continue to grow unchecked 
vegetatively as these substances may not have fungicidal value in the 
accepted terms. 

SUMMARY 

Conditions affecting mushroom fructification and production have been 
investigated. 

It was found that wherever mushrooms are grown, substances of volatile 
nature accumulate and become detrimental to their growth and fructifica- 
tion. 

Under mine conditions certain rooms tend to accumulate these sub- 
stances more readily than others, and the term ''locations within the mine’' 
has been applied to this phenomenon. 

In mushroom houses high yields are produced as a result of constant 
mechanical ventilation, whereas in mines where the air exchange is depen- 
dent upon natural ventilation, yields are lower. The term place effect 
describes these conditions. Improving the ventilation in the mine will raise 
yields to the production level of the mushroom house. 

When these substances were permitted to accumulate, fructification 
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ceased entirely. This was accomplished by sealing up mine rooms or experi- 
mental chambers (closed-room effect). 

The effect of these substances on mushrooms varied. Mycelium grown 
where these substances were allowed to accumulate had a lower production 
capacity than that grown where they were removed. It was impossible, 
visibly, to distinguish between mycelium grown under either conditions. 
Under mine conditions where there was but a partial removal of these sub- 
stances, the effect on fruit bodies was observed in various stages ranging 
from increased fructification (sporophore formation) to complete cessation 
of fructification. Sporophores exposed to conditions allowing for an accu- 
mulation of these substances either developed into fruit bodies of gigantic 
size and abnormal shape, or they did not elongate at all and grew only at 
the base of the stipe, assuming an onion-like appearance. 

Eemoval of these substances has been accomplished by washing the 
atmosphere. Alkaline potassium permanganate solutions, mineral oil, and 
activated charcoal proved to be effective agents for this purpose. 

The nature of these substances is unknown. However, the chemicals 
successfully used for their removal suggest that they belong to the class of 
nonsaturated hydrocarbons. 

Their origin has not been determined, but it is assumed that they are 
products of the metabolism of the mushrooms themselves, or of the micro- 
flora present in the growing media. 

Humidity control of the atmosphere surrounding the trays did not affect 
sporophore formation. 

Doylestown, Ohio. 
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THE FUNCTION OF LIMB AND HOST LEAVES IN THE 
ACTION OF BORDEAUX MIXTURE 

0 . E . Yarwood 
(A ccepted for publication April 29, 1943) 

The importance of lime in Bordeaux mixture may be emphasized by the 
fact that, although the fungicidal value of copper sulphate was reported by 
Prevost in 1807 (10), it was not until lime was added to the bluestone solu- 
tion that a protective copper fungicide suitable to foliage was developed by 
Millardet, and reported in detail in 1885 (9). Millardet found that 0.01 
per cent lime or 0.000025 per cent bluestone would inhibit the germination 
of the sporangia of Plasmopara vUicola, but the spray he recommended for 
field control contained 1190 times the above content of lime and 238,000 
times the above content of copper, indicating that Millardet was possibly 
aware of some great appoarent discrepancy between m vitro and in vivo 
values of the fungicidal value of copper. According to Millai^det (9), ^^The 
lime seems to me, then, to play a triple role in the mixture. At the moment 
of spraying it acts as an energetic mordant, which fixes the disinfecting drop 
on the leaf and establishes its close adherence. For several days, it is capa- 
ble of killing the conidia and zoospores by its causticity. Finally, when it 
has been transformed into carbonate, it serves for the preservation of the 
store of copper oxide. It is this last function of lime listed by Millardet, 
but which might be stated differently, that the writer considers most impor- 
tant, and that will be treated in this paper. Another important aspect of 
the function of lime, not considered by Millardet, and not treated in this 
paper, is the injurious effect of lime on the host, as discussed by Horsfall and 
Suit (6). 

Several investigators have indicated differences between the apparent in 
vitro and in vivo toxicity of copper sprays. Marsh (8) reported that 
QQiiidia, ot Venhiria inaequalis did not germinate on slides sprayed wuth 
copper cyanide, but germinated to the extent of 39 per cent on leaves to 
which the same dosage of copper cyanide had been applied. Howard (7) 
showed that several samples of Bordeaux were more toxic to Alternaf'ia 
solani conidia on glass slides than on potato leaves. Something in the leaves 
apparently reduced the toxicity of the copper. It has been shown by Clark 
(2) and confirmed by the writer (12) that asparagin, a normal constituent 
of leaves, may greatly reduce the toxicity of copper sulphate or Bordeaux 
in %n vitro tests. The literature on antagonism in relation to copper is quite 
extensive, and will not be reviewed here. 

METHODS 

riie dosage-response technique of Wilcoxou and MeCallan (11) was used 
in this study, and the f ungicidal value of lime alone, of bluestone alone, and 
of mixtures of bluestone and lime were measured throughout a series of 
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dosages on glass and leaf surfaces. The dosage increment (ratio of concen- 
tration of siiecessive dosages) of 3 generally used in this study, is more than 
that used by Wileoxon and McCallan and is probably too great for careful 
studies of such aspects as changes in slope of the dosage response curve, but 
was considered adequate for purposes of this study. Dosages were chosen 
to determine principally the LD 50, LD 95, and intermediate values, to the 
considerable neglect of values below LD 50. The straight line best fitting 
the points in the region of LD 50 to LD 95 is taken as the dosage response 
curve. Many ex})eriments gave approximately straight line curves, but a 
more detailed study might show these curves to be other than straight lines. 

Bordeaux mixture was prepared by adding equal amounts of 10 per cent 
bluest one (CuS 04 ‘ 5 H 20 ) and 10 per cent lime (CaO) to the required 
amount of water, unless otherwise mentioned. The stated concentrations 
of Bordeaux are the concentrations of bluestone in this equal lime-Bordeaux 
mixture. 

Bean rust, cucumber downy mildew, and powdery mildew of bean were 
the diseases studied in the greenhouse and laboratory experiments to which 
this report is confined. Bean rust (Uromyces phaseoli (Pers.) Wint.) was 
grown on the primary true leaves of potted Pinto beans. To secure spores, 
infected leaves were sprayed with tap water by means of an atomizer, and 
the suspension of urediospores secured in this way was sprayed immediately 
onto the surfaces bearing the dried test spray deposit — Syracuse watch 
glasses for germination tests, leaf surfaces for protection tests. The con- 
centration of spores was not determined, but was such as to give from 2 to 
25 spores per sq. mm. in germination tests and 40 to 125 pustules per sq. cm. 
on control leaves in protection tests. Inoculated plants were held overnight 
in a moist chamber and then left on the greenhouse bench until infection was 
measured by counting the uredinial pustules. 

Cucumber downy mildew {Pseudoperonospora cubensis (B. and C.) 
Rostew.) was grown on the secondary leaves of potted cucumber plants, 
variety Long Green. To secure sporangia, leaves that had been infected 5 
to 10 days were incubated overnight in moist chambers, and the sporangia 
formed were washed off to form a water suspension, used to inoculate 
sprayed and control plants in protection tests and to seed onto spray depos- 
its on glass. The spore dosage was such as to give about 5 sporangia per 
sq. mm, germination tests and about 20 downy mildew lesions per sq. in. on 
control leaves in protection tests. 

In protection tests on bean and cucumber foliage a range of dosages was 
secured by using sprays of different fungicide content and spraying to the 
run-off stage with a compressed-air atomizer. The initial wet deposit per 
sq. dm. of leaf surface secured in this way without a spreader was variable, 
but averaged about 1 g. for the lower surface of bean leaves, 0.8 g. f or the 
upper surface of bean leaves, 2 g. for the lower surface of cucumber leaves 
and 1.5 g. for the upper surface of cucumber leaves. Sprays without sup- 
plements usually gave fair coverage on beans but poor on cucumbers. When 
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0.05 per cent glyceryl plithalic alkyd resin was added as a spreader to tlie 
sprays the deposit per sq. din. was about 0.6 g. for the upper or lower sur- 
faces of bean leaves, 1 g. for the lower surface of cucumber leaves and 0.7 
g. for the upper surface of cucumber leaves. The amount of fungicide per 
unit area was calculated from the above figures on wet deposit and from the 
known fungicide content of the spray. For infection counts in protection 
tests the number of rust pustules in 3 to 8 (depending on variability and 
amount of infection) sq. cm. areas was counted for each treatment, and these 
values were converted to per cent reduction in number of rust pustules 
(= per cent control) by expressing the difference in the number of pustules 
per unit area for treated and control (= check) leaves as a percentage of the 
number of pustules on the control leaves. For infection counts of cucumber 
downy mildew the number of lesions on 2 to 4 sq.-in. areas was counted for 
each treatment and the per cent of control was determined in the same way 
as for bean rust. 

Powdery mildew of the bean (Erysiphe polygoni DC.), grown on the 
primary leaves of Pinto beans, was employed in a study of the eradicant 
action of fungicides. Bean plants were inoculated by spraying the leaves 
on both surfaces with a suspension of conidia secured from infected plants. 
At 4 to 6 days after inoculation, when infection was just visible, the inocu- 
lated plants were sprayed with the test spray containing 0.05 per cent 
phthalic glyceryl alkyd resin as a wetting agent in addition to the test dos- 
ages of bluestone or lime. The wetting agent was added because it increased 
the uniformity of the results and increased the effectiveness of most sprays, 
but had very little effect when used alone at the low impact pressures used 
in these tests. The choice of 4 to 6 days as the interval from inoculation to 
the use of eradicant sprays is arbitrary but it is important to bear in mind 
that the resistance of powdery mildew colonies to killing by eradicant sprays 
increases with the age of the colonies (data not presented here). At about 
5 days after spraying (9 to 11 days after inoculation) the amount of mildew 
was estimated on an arbitrary scale of 0 to 10 in which 0 indicated, no mildew 
present and 10 that the leaf surface was entirely covered. The upper and 
lower leaf surfaces were rated independently. Per cent control was calcu- 
lated by expressing the difference in rating between treated and control 
leaves as a percentage of the rating for the control. 

In studies of the effect of copper sulphate and lime on germination, 3 ec. 
of the test spray was added with a pipette to Syracuse watch glasses of 51 
mm. diameter and allowed to dry. This gave a uniform deposit of fungicide 
of known dosage onto which the spore suspension was later sprayed. The 
cultures were incubated at 16'^ C. in the dark for 24 hours and the germina- 
tion of 100 spores per dish for each test was determined. The presence of 
a germ tube was the criterion of germination in the case of bean-rust uredio- 
spores, and the absence of contents and papilla was the criterion of germina- 
tion for the sporangia of cucumber mildew. The heavy deposit of lime 
required to inhibit germination of bean-rust urediosp ores and downy-mildew 
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sporangia, and the heavy deposit of Bordeaux required to inhibit germina- 
tion of bean-rust urediospores made observations of germination in these in 
vitro cultures very difficult and the results rather inaccurate. 

PHYTOCIDAL ACTION OP SPRAT MIXTURES 

In order to evaluate properly the effect of a fungicide in controlling a 
fungus disease it is desirable to know the effect of the fungicide on the host 
in the absence of the disease. As is well known, bluestone is more toxic to 
foliage than lime or Bordeaux mixture at similar concentrations. Results 
of one comparative test on beans and cucumbers are given in figure 1. In 
this test plants with secondary leaves were sprayed with the test mixtures 
on September 2, 1942, and the living tissues of the leaves were weighed on 
September 7. Bluestone at 0.1 per cent caused about 5 per cent injury and 



Fig. 1. The phytoeidal effect of bluestone and Bordeaux on bean and encumber foliage. 

3 per cent bluestone caused complete killing of the bean and cucumber 
foliage, while 3 per cent Bordeaux did not cause marked injury. Lime 
alone was not used in this test, but in other tests lime has caused no apparent 
injury at 1 per cent. 

PROTECTIVE ACTION ON UEAVES AND TOXICITT ON GLASS 

Results of two tests of the protective action of bluestone, lime, and Bor- 
deaux for bean rust are summarized graphically in figure 2. Here the con- 
centration of the spray applied to the leaves is plotted against per cent 
reduction in number of rust pustules (=:per cent control). These results 
are representative of the variation between tests, and of the deviation from 
straight lines of the dosage response curves plotted in this manner. In order 
to render results of this type more closely comparable to those on glass sur- 
faces, all results were converted to a dosage-per-unit-area basis. Average 
LD 50 and LD 95 values for bean rust of all comparative tests of the effect 
of bluestone, lime, and Bordeaux on the inhibition of germination on glass 
and the protection from infection on leaves are presented in table 1. 
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Several important findings are indicated from the data of table 1. To 
obtain 95 per cent inhibition of germination of bean-rust urediospoies on 
glass required more than 100 times as much copper in the form of Bordeaux 
as in that of bluestone, indicating that lime decreased the fungicidal action 
of the copper on glass surfaces. On the other hand, to obtain 95 per cent 
control on leaves required more than 10 times as much copper in the form 
of bluestone as in the form of Bordeaux, indicating that lime enhanced the 
fungicidal value of the copper on leaves. To obtain 95 per cent reduction 
in germination on glass required 350 times as much Bordeaux mixture as to 
obtain 95 per cent control on leaves, further emphasizing the important dif- 
ference between glass and leaves as a substrate for the evaluation of fungi- 
cidal action. 



DOSAGE = PER CEN T GuSO,^. 5Hp OR PER CENT 
Ca.0 IN SPRAY 

Pig. 2. Belation between spray dosage and protection (reduction in number of 
uredinial pustules) from bean rust. 

TABLE 1. — Comparative toxicity and protective value of lime, 'bluestone^ and Bor- 
deaux mixture for ^6071 rmt 



Germination on glass.a 

Dosage per square decimeter for 

Protection on plants.^ 

Dosage per square decimeter for 

Fungicide 

50 per cent 
reduction in 
germination 

95 per cent 
reduction in 
germination 

50 per cent 
reduction in 
number of 
rust pustules 

95 per cent 
! reduction in 
number of 
rust pustules 

CaO ! 

GuSO^-SHaO ...... 

Bordeaux 

60 mg. CaO 
0.113 mg. On 

15 mg. Cu 

300 mg. CaO 
0.60 mg. Cu 
64 mg. Cu 

28 mg. CaO 
0.062 mg. Cu 
0.022 mg. Cu 

124 mg. CaO 

2.1 mg. Cu 
0.18 mg. Cu 


a Average of 6 tests for CaO, 9 for CuSO^ • SHgO, and 11 for Bordeaux, 
b Average of 3 tests for CaO, 8 for CuSO^ * SHgO, and 8 for Bordeaux. 


A source of error not allowed for in these tests was the greater spore 
dosage per unit area in the toxicity tests on glass than in the protective tests 
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oil icR-Vcs. I li 0 spore dosage of tiie inoculum on leaves was not determined, 
and, since infection results were recorded as pustules per sq. cm., the writer 
does not know with certainty how spore-dosage data could be made use of 
here, even thougli they were known. 

Studies of the comparative toxicity and protective values of lime, blue- 
stone, and Bordeaux for cucumber downy mildew are presented in table 2. 
These results differ from those for bean rust in several important respects. 
The critical toxicity values for bluestone and Bordeaux are similar, and both 
arc much less than for bean rust, showing that copper is much more toxic 
to the cucumber downy-mildew organism than to the bean-rust fungus, and 
possibly that the downy-mildew sporangia are able to release copper from 
Bordeaux films on glass, while bean-rust urediospores are not, or have only 
weak copper-dissolving powers. At the LD 50 level of fungicidal action no 
marked differences are apparent between the results for cucumber downy 
mildew on glass and on leaves, while at the LD 95 level both bluestone and 
Bordeaux are much more effective per unit of copper on glass than on leaves. 
Because of the poor spreading properties of the sprays on leaves it is diffi- 
cult to appraise these differences. Another important result shown in table 
2, for which no explanation is offered, is the much greater increase in control 
resulting from adding spreader to the Bordeaux than in adding the spreader 
to the lime or bluestone. 


TABLE 2. — Com%xiTative toxicity and protective value of lime, l)luestone, and Bor- 
demtx mixture for cmcimiber downy mildew 



Germination on glass. 
Dosage per square 
decimeter for 

Protection on plants. 
Dosage per square 
decimeter for 

Fungicide 

50 per cent 
reduction in 
germination 

95 per cent 
reduction in 
germination 

1 

50 per cent 
reduction in 
number of 
lesions on 
leaves 

95 per cent 
reduction in 
number of 
lesions on 
leaves 

CaO 

40 nig. CaO 

113 mg. CaO 

21 mg. CaO 

122 mg. CaO 

CaO + 0.05 per cent 

spreader^ 

CuSO.-SHjjO 

0.0056 mg. Cu 

0.049 mg. Cu 

5.2 mg. CaO 
0.008 mg. Ou 

33 mg. CaO 

2.2 mg. Cu 

CUSO 4 * 5HoO + 0.05 
per cent spreader^ ... 
Bordeaux 

0.0074 mg. Cu 

0.060 mg. Cu 

0.003 mg. Cu 
0.012 mg. Cu 

0. 45 mg. Cu 

1. Tmg.Gu 

Bordeaux + 0.05 per 
cent spreadera 



0.0009 mg. Cu 

0.037 mg. Cu 


a 0.05 per cent pMhalic glyceryl alkyd resin, used as a spreader in these tests on foli- 
age, gave 45 per cent protection (average of 3 tests) when used alone. 


RELATION OF COPPER ABSORPTION BY LEAVES TO FUNGICIDAL PROTECTION 

The injury from bluestone applied to leaves (Fig. 1) and the greater 
control of bean rust by Bordeaux than by bluestone (Fig. 2) suggested the 
absorption of copper by bean leaves in large amounts from bluestone but not 
from Bordeaux. To measure this copper absorption indirectly, and deter- 
mine its effect on the protective value of copper, one set of bean leaves was 
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sprayed with 0.1 per cent bliiestone, and opposite leaves of the same plants 
were sprayed with 0.1 per cent Bordeaux. These leaves were used for cop- 
per analysis or were inoculated with bean rust immediately or after being’ 
held for 4 hours in a moist chamber. The sprayed leaves on plants held in 
the moist chamber for 4 hours were still wet on removal. To determine 
copper the leaves were immersed in 0.5 per cent nitric acid and agitated 
occasionally for 20 minutes and then removed. It was hoped in this way 
to remove the copper from the surface of the leaves, but not the copper 
within the leaves. To this nitric acid extract 0.01 per cent sodium diethyl 
dithiocarbonate was added (1), and the copper was determined by compari- 
son with standards of known copper content in a photoelectric colorimeter. 

The results presented in table 3 indicate that over half the copper in 
bluestone spray was absorbed by the leaf in 4 hours if the leaf remained wet, 
while little if any of the copper in Bordeaux was so absorbed. Apparently 
the copper absorbed by the leaves had little if any function in protection 


TABLE 3. — Effect of incubating sprayed plants in a moist chamber on the surface 
deposit of copper j and on the protective value of sprays for bean rust. (Plants sprayed 
with 0.1 per cent bluestone, with or without lime as indicated, in all cases) 


Copper determined or plants 
inoculated 

Copper per square deci- 
meter of leaves^ 

Eeduction in number of 
rust pustules on inocu- 
lated plants'^ 

Sprayed 

with 

bluestone 

. 

Sprayed 

with 

Bordeaux 

Sprayed 

with 

bluestone 

Sprayed 

with 

Bordeaux 

, 

mg. 

mg. 

Per cent 

Per cent 

Immediately after spraying 

0.56 

0.50 

79 

100 

After 4 hours in a moist chamber 

0.24 

0.50 

56 

99 


a Average of 3 tests for each value. 
i> Average of 4 tests for each value. 


from bean rust. Control was only slightly reduced by holding Bordeaux- 
sprayed plants in a moist chamber. It is apparent also that by holding 
bluestone-sprayed plants in a moist chamber disease control was reduced 
out of proportion to the loss of chemically determined surface copper. This 
is possible, because in addition to the absorption of surface copper by the 
leaves, nitrogenous materials, such as asparagin, may have diffused into the 
surface spray drops and reduced the protective value of the surface copper. 
In other tests, not reported here, the writer has found that the addition of 
asparagin to bluestone or Bordeaux decreased the protective value of these 
sprays for bean rust. 

The above results further emphasize that an important function of lime 
in Bordeaux is to hold the copper in a form available and toxic to the rust 
fungus and relatively unavailable to the host. 

VARYING THE COPPER : LIME RATIO 

The studies reported so far have been concerned with the toxicant ap- 
plied as bluestone, as lime, or as Bordeaux made from ec[ual amounts of 
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bluestone and lime. Since it has been shown that Bordeaux has consider- 
ably more protective value per unit of copper than bluestone, it might be 
expected that there would be a gradual increase in protective value of blue- 
stone with increasing amounts of lime. Average results of 2 tests to deter- 
mine the effect of the copper : lime ratio on the protective value of Bordeaux 
for bean rust are presented in figure 3. With dosages of 0.001 and 0.003 
per cent bluestone, disease control was slight, results were rather erratic, 
and no effect of lime at dosages from 0.001 per cent to 0,1 per cent was 
apparent. With 0.01 per cent, 0.03 per cent, and 0.1 per cent bluestone, 
however, control was marked with bluestone alone, and the amount of con- 
trol increased as the lime was increased from none to 0.1 per cent lime. 
These tests were not sufficiently refined to determine accurately the optimum 
copper : lime ratio for best disease control under these conditions but indi- 
cate that it was of the order of about 1:1. 



FlO. 3. Effect of varying the bluestone : lime ratio on the per cent control (= per 
cent reduction in number of rust pustules) of bean rust. 

The effect of varying the bluestone : lime ratio on the eradicant value of 
Bordeaux was determined for bean powdery mildew. Average results of 2 
tests, presented in figure 4, show that lime alone had very little eradicant 
action until a dosage of 0.1 per cent was reached; beyond this, powdery- 
mildew control was proportional to the dosage. Bluestone alone at 0.003 
per cent caused about 38 per cent eradication; at 0.01 per cent, about 86 
per cent; at 0.03 per cent, about 96 per cent; at 0.1 per cent, about 98 per 
cent; and at 0.3 per cent, 100 per cent. With all dosages of bluestone from 
0.01 to 0.3 per cent the addition of increasing amounts of lime up to 0.3 or 
1 per cent lime, caused a progressive reduction in the eradicant value of the 
spray. After 0.3 or 1.0 per cent lime was reached, an increase in lime caused 
an increase in control, but this increase apparently was due to the lime rather 
than the copper. Preliminary results, not presented here, show that blue- 
stone applied as an eradicant spray for bean rust, a few hours after stomatal 
penetration had been effected, was more effective per unit copper than was 
Bordeaux. The depressing effect of lime on the eradicant value of blue- 
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stone for bean powdery mildew and bean rust is, therefore, apparently the 
opposite of its eifect on the protective value of bluestone for bean rust. 

DISCUSSION 

Prom published observations, snapdragon rust {Puccinia antirrlvmi) is 
apparently similar to bean rust with respect to the role of lime and host 
leaves in the action of Bordeaux mixture as a protective fungicide. Ac- 
cording to Doran (3) bluestone was about 100 times (magnitude not clear 
from Doran’s data) as toxic per unit of copper to the urediospores on glass 
as was Bordeaux mixture. Doran used Bordeaux mixture without spread- 
ers and found it was ineffective in controlling snapdragon rust, but Green 
(5) and Poster (4) added spreaders to Bordeaux and secured fair to excel- 
lent control of the disease. 



Pig. 4. Effect of varying tlie bluestone: lime ratio on the eradieant action of 
Bordeaux for bean powdery mildew. 

WitL. some fungi (Clark (2), and cucumber downy mildew in this paper) 
it would appear that Bordeaux mixture, on glass, and bluestone at the same 
copper dosage are about equally toxic. In the effect of the host in causing 
Bordeaux to be more active on leaves than on glass, as observed for bean 
rust, the writer knows of no comparable data in the literature. 

Eesults reported here may have an important bearing on the application 
of in vitro toxicity to the evaluation of fungicides for the control of plant 
diseases. If many fungi behave as does bean rust, in that the same fungi- 
cide may be several hundred times more fungicidal on host surfaces than 
on glass, this would constitute a serious weakness to the in vitro testing of 
fungicides. 
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SUMMARY 

Sprays ('onsistiiig of lime alone, bluestone alone, and mixture of lime and 
bluestone (=Boi*deaux mixture) were compared for their effect in inhibit- 
ing* the o-ermijiation of bean-rust urediospores and cucumber downy mildew 
si^oranyia, tor pr()te(dion from infection with bean rust and cucumber downy 
mildew, aiul for eradicating* established infections of bean powdery mildew, 
at a raiige ot dosages from below 50 per cent control to above 95 per cent 
control. 

To give 95 ]>er cent inhibitiou of germination of bean rust urediospores 
on glass recpiired 300 mg. per sq. dm. of CaO, 0.60 mg. Cu as bluestone, or 
64 mg. (hi as l>oi*deaux. To give 95 per cent reduction in number of rust 
pustules on ])lauts required 124 mg. CaO, 2.6 mg. Cu as bluestone, or 0.18 
mg. Cu as Bordeaux. For equivalent effectiveness it, therefore, required 
about 100 tiiiH‘s as much copper in the form of Bordeaux as in the form of 
bluestom^ wdien tlie tests wwe on glass slides, but 10 times as much bluestone 
as Bordeaux w’heu the tests were on leaves. To obtain equivalent effective- 
ness with Bordeaux, 350 times as much spray wms required wdeii the tests 
w’ere on slides as when on leaves. 

Ill similar tests w^ith cucumber dowmy mildewy much less copper w^’as 
required to inhibit germination than for bean rust, about the same amount 
of copper as bluestone or Bordeaux was required to give equivalent inhibi- 
tion of germination on glass, and about the same amount of copper as blue- 
stone OF Bordeaux to give equivalent protection on plants, hut much more 
copper w’as required to give 95 per cent protection than to give 95 per cent 
inhibition of germination. To give 95 per cent protection on leaves the 
addition of 0.05 per cent plithalic glyceryl alkyd resin as a spreader to the 
spray decreased the necessary amount of eonventioiial fungicide to 27 per 
cent in case of lime, to 20 per cent in the ease of bluestone, and to 2 per cent 
in case of Bordeaux. 

Bean leaves sprayed with 0.1 cent bluestone and held in a moist 
chamber for 4 hours showed by chemical determination only 43 per cent of 
the applied copper remaining on the surface of the leaves, and the control 
of bean rust Avas greatly reduced by this moist-chamber treatment, while 
there was no marked loss of copper or of rust control by holding Bordeaux- 
sprayed plants in a moist chamber under similar conditions. The results 
confirm other observations that leaves may absorb large quantities of copper 
from bluestone but not from Bordeaux. 

When increasing amounts of lime were added to bluestone solutions the 
protective value of these mixtures for bean rust w^as progressively increased 
but the eraclicant value for bean powdery mildew and bean rust was progres- 
sively decreased. 

It is concluded that an important function of lime in Bordeaux mixture 
is to hold the copper in a form relatively unavailable and non-toxic to the 
host, but toxic to parasitic fungi, and an important function of the host may 
be to increase the effectiveness of the copper in some cases. 
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The relation of these results to the eYaluation of fungicides is briefly 

discussed. 

Division of Plant Pathology^ 

University of California^ 

Berkeley, California. 
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TYPHULxi SNO^YMOLD OF PASTURE GRASSES^ 

C. C. WEitKHAM2 aitd St. John P. Chiltons 
(Accepted for publication June 1, 1943) 

111 the spriiio- of 1939 siieeimens of winter-killed Orchard grass, Dacfylis 
(jU}}nvr(ifit L., colhu'ted at Storrs, Conneetieut, by the junior writer, were 
exainiiuHh Fungus sclerotia embedded in the leaves and leaf sheaths indh 
(iited that low temperature alone may not have been responsible for all the 
damage. Low temperature, isolation plantings were made with these 
scderotia. Two selerotia-prodiieing basidioniyeetes were isolated, one very 
similar to Tif])hnl(i ifoami Imai, the other distinctly different. Cultures of 
th(‘se and other sclerotial fungi from turf grasses (5) were sent to Miss 
RemslKU'g (2) for identification. In her letter of April 4, 1940, Miss 
Remsberg ivrote: am still working with the Typhtila cultures you sent 

me. ... It looks now^ as though #302 and #304 are T. itoana^ #327 is a 
new species, . . . #303 looks familiar, but I’m not sure just which one it 
is yet.” In addition to these cultures, authentic isolates of Typhiila species 
were received from Miss Remsberg for comparative studies. 

LIST OP CULTURES 

f 1/7/ li }*fi 

j ' Identification and record 

number 

302 Typhula itoana — Akaroa Orchard grass. Storrs, Conn. Col. Chil- 

ton Apr. 1939; Isol. Wernham; Det. Remsberg. 

303 Typhula sp. — ^Danish Orchard grass. Storrs, Conn. Col. Chilton 

Apr. 1939; Isol. Wernham; Det. Remsberg. 

304 T. itoana — Danish Orchard grass. Storrs, Conn. Col. Chilton Apr. 

1939 ; Isol. Wernham; Det. Remsberg. 

308 itoana — ^Barley and wheat. Konigsberg, Germany. Col. A. 

Volk; Det. Remsberg; Cornell Herb. 28090; Remsberg 93. 

309 T. itoana — Barley and wheat. Sandpoint, Idaho. Col. Remsberg ; 

Det Remsberg; C. H. 27099; Remsberg 289. 

310 T. Itoawa— Barley. Iwate Prefecture. Japan. Col. H. Tasiigi; 

Det. Remsberg; C. H. 27095; Remsberg 283. 

311 T, itoana— Agrostis Bp, Ithaca, N. Y. Col. Chilton Apr. 1939; 

Isol. Wernham; Det. Wernham. 

316 T: it oana—Agrostis tenuis SiUh, State College, Pa. Col. Isol. and 

Det. Wernham. 

1 Autliorized for publication on March 1, 1943, as paper No. 1168 in the Journal Series 
of the Pennsylvania Agiieiiltural Experiment Station and as contribution Ho. 53 of the 
U. S. Regional Pasture Research Laboratory, Division of Forage Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Ad- 
ministration, U. S. Department of Agriculture, State College, Pennsylvania, in cooperation 

with the northeastern States. r. ^ Am -.i 

2 Assistant Prof essor of Botany, The Pennsylvania State College. ^ _ 

3 Formerly Agent of U. S. Regional Pasture Research Laboratory, now with the De- 
partment of Botany, Bacteriology and Plant Pathology, Louisiana State University, Baton 
Rouge, Louisiana. 
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324 T. idahoensis — Agropyron eristatuni (L) Gaertn. Tetoma, Idaho. 

Col. C. W. Hungerford; Det. Eemsberg; C. H. 27223; Rems- 

berg* 27, 

325 T, idahoensis — ^Wlieat. Bozeman, Mont. Col. P. A. Young; Det. 

Eemsberg ; C. H. 25153 ; Eemsberg 291. 

327 Typlmla sp. Agrostis sp. — ^Wayzata, Minn. Col. L. J. Feser; Isol, 

Weriiliam; Det. Eemsberg. 

Unfortunately, Miss Eemsberg never completed her identification of 303 
and 327. At least they are not listed in her taxonomic treatment (2), nor 
in her pathological resume (3). 

All investigation of Typhiila snowmold of pasture and fine turf grasses 
was undertaken to ascertain: (a) A standardized method of iiioculation 
under controlled conditions, (b) the host range of various isolates of 
Typlmla, (c) the prevalence of physiogenic races, and, (d) the presence or 
absence of disease-resistant plants. 

A preliminary experiment was devised to develop an inoculum and to 
determine the length of time necessary to obtain readily readable results 
from artificial inoculation. 


EXPERIMENTAL RESULTS 

Inoculum was prepared as follows : to 500 g. of wheat or rye, in wide- 
nioiith two-liter flasks, was added 4 g. CaCOs and 500 cc. water. The flasks 
were plugged with cotton and autoclaved at 17 lb. pressure for 30 to 60 min. 
After cooling, each flask of medium was inoculated with sclerotia from 
potato-dextrose agar cultures kept at 13° C. The time of incubation at this 
temperature varied from 6 to 8 weeks, depending on the isolate. 

Meanwhile seed of barley, oats, rye, orchard grass, timothy, Kentucky" 
bluegrass, and Astoria bent was planted in pots of sterilized soil in a green- 
house. When the plants were well past the seedling stage they were 
inoculated. 

Each flask of inoculum was emptied on clean paper and thoroughly 
mixed, then roughly divided into aliquot parts. A part of the sclerotia- 
infested grain was scattered uniformly over the plants in each pot and 
gently rubbed into the soil. Sterile sand was scattered over the plants and 
washed down until the inoculum was completely buried. Uninoculated, 
sand-covered checks were used with each culture. Pots were placed in a 
low-temperature chamber, maintained at 2 to 8° C., and watered regularly 
to simulate the moisture conditions under melting snow. Once a iiiontli 
they were examined for evidence of sclerotia in the culms and leaves.. At 
the end of 4 months, when sclerotia began to appear, the plants were taken 
lip and the amount of infection determined. Evidence of infection was Con- 
sidered to be presence of sclerotia imbedded in culms and leaves^’ 
(Table 1). 

There was considerable variation among strains and species of TypJiula 
tested. This variation may have been due to (a) strain or species differ- 
ences, (b) time elapse of incubation period, (c) stage of maturity of plants, 
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(d) variety of plant used, (e) the method of reading data, or (f) to experi- 
mental error. If the complete stock of isolates were to be tested more varia- 
tion could be expected. 

The method of inoculation and environment for incubation were least 
subject to change. Since, from our limited surveys, the injury occurring 
in pastures appeared to be largely due to Typhula itoana^ T. idahoensis could 
be excluded in subsequent trials. 

In the first of these trials 10 young plants from seed of each host species 
or variety were grown in rows in flats. Triplicate plantings were made for 
each culture of Typhula to be tested. The small-seed species were first 
germinated in sand and later transplanted to the flats. K/andomized plant- 
ings were introduced to avoid position effect in the flat. Inoculations were 
made as indicated above and the fiats were distributed at random in the cold 
chamber. Subsequent care was limited to watering the flats at the intervals 
necessary to keep the sand moist. 

At the conclusion of the low-temperature exposure period the flats were 
removed to the greenhouse and allowed to dry out sufficiently to permit easy 
removal of sand and excess inoculum by jarring and shaking the flats. Each 
row of plants was removed and the individual plants were separated. When 
it was expedient to do so, the excess sand and soil particles were washed off 
by gentle manipulation in a bucket of water. 

It became evident that in some cases particles of clinging soil and debris 
could be easily mistaken for sclerotia, even under a hand lens. In such 
doubtful cases of infection, resort was made to water immersion. The plant 
under consideration was immersed in water contained in the top or bottom 
of a glass moist chamber under which a sheet of white paper was placed. 
The ease of this method in distinguishing sclerotia from clay and small 
pebbles is worthy of mention. Most of the cultures could be disposed of at 
the rate of one flat of 110 plants, an hour; but a few cultures regularly 
consumed 4-6 hours per flat (Table 2). 

The criterion ^‘presence of imbedded sclerotia in culms and leaves is 
'evidence of infection” failed to give the true picture under the conditions 
■of this experiment. Flats inoculated with cultures 302 and 304 were tedious 
to read. Sclerotia in the tissues were hard to find; when they were located 
it was often apparent that they occurred in portions of leaves buried under 
the sand. Mere saprophytism could be responsible for their presence. The 
abundance of sclerotia produced by all other isolates on all parts of the 
plants, even on the roots of the cereals (1, 4), seemed to indicate a positive 
parasitism. Eemsberg (2), p. 71, cites Dactylis glomerata as a host of 
Typhula itoana. Except for cirltures 302 and 304, our data confirm her 
findings. It is possible that these two strains were saprophytic. If this 
were true, then culture 303 may have been the true orchard-grass pathogen 
at Storrs, Connecticut, or the winter killing was purely physiogenic. In 
this experiment the cereals were invariably killed and often disintegrated 
to the point of being irrecoverable. The grasses in most cases were injured 
externally, but the crowns appeared to be viable. 



1943] Wernham and Chilton: Snowmold Pasture Grasses 


1161 


E-i 

iH xf! CO C<1 b- CO 05 CO 02 lO TfH 

O O 02 02 C35 O t>. 02 CO 02 O 
CMOlTHrHTHCMrH tH tHtHO^I 


M 

OTHTt<02l>.'rHrH IQ COlUOOl 

C32 02 C0CD1000O b- COlOlO 

iHrHT-itHT~lrHt— 1 tH t-HtHtH 

. 



02 000 10 020002 CD tH020'^ 

03 CM CO 03 03 03 03 OI 03 03 CO O 

CO 

)P 

C2TH03'rHt>.HCD CD 

03 03 rH rH rH 03 03 rH tH tH iH 02 

tH 




o 


1 

ja i 

CD ; 
r-i j 
C05 1 

1 

\ 

i 

B i 

i 

OC32COL0!t'«.O02 02 C2t>.t^00 

CO 03 03 03 03 CO 03 03 tH 03 O-l 02 

03 

M 

0(02 03 03'H<000 02 00t>COO3 

CO 03 03 03 03 CO 03 03 H 03 03 CO 

CM 

OTS 

Eh 

C00005000C2CO CD 3>.!>-0 03 

03 03 03 CO 03 03 03 03 03 03 CO CO 

CO „ 

w 

C000020t>-02CD liD t^b^OiC) 

03 03 03 CO 03 03 03 03 03 03 CO O 

CO 

309 

p 

00200b~02C32 30 CD 1002032' 

CO 03 03 03 03 03 03 03 03 03 CO O 

CO 

H-i 

t'•00COt'-l>O5'T^^ CD tHCOtHO 

03 03 03 03 03 03 03 03 03 03 03 !>• 

03 

00 

Eh 

l'-O00C32 02 02C32 O OCJ202C32 

03 CO 03 03 03 03 rH CO CO 03 03 O 

CO 

! M i 

t'.Oeoa2(3202C2 O 0 |DOOC 2 

03 CO 03 03 03 03 rH CO CO 03 0x3 ^ 

sS 

O 

CO 

EH 

o o 00 1>. 02 00 CD o 

COC003 03 03 0303 CO 03 03 03 O 

CO 

M 

lo3 00tHCOC0O3CO lO 

|OI03rH03rH03rH 03 tHtHtHO 

«} 

03 

o 

CO 

1 

j 

B 

020b'02CD030 CD O3l>-OH 

03 CO 03 03 03 CO 03 03 03 03 CO O 

CO 

w 

02t-THxj^O■H^03 CO 

03 03 tH 03 03 03 03 03 rH 03 03 ^ 

Planting 

date 

2-28-40 

2- 28-40 
4-26-40 

3- 8-40 

4- 26-40 

2- 28-40 

3- 11-40 

2-28-40 

4- 26-40 
2-28-40 
4-26-40 


.... 


■o 

w 


H d 

O o 

50 O 

<lo 


f=l i=i 

CD CD 


W) 

J 

s ^ 

cqM 




Oi 

IQ IC 

^oo 

O CO ® oo 

cq w rH 

^ Si) ^ 

rcj res n:j O 

H *5h ’S 
CS) ^ ^ M n 

^'S'op'3-<i © a 

OOO . O C?R 


JX> 

p 

- 

° s 

KrP 


■t2 ^ 


nO o 
P jd 
oS 

dn ncJ 

nd -p 

d <D 

CD !h 
<D -H 
H 

o O 

f> 02 

J I 

-p s 
o .H 



1162 


Phytopathology 


[VoL. 33 


On the basis of the above results a third experiment was planned. The 
following features were incorporated: (1) Inclusion of a iioninoeulated 
cheek for the estimation of plant viability as affected by the treatment, (2) 
trimming-off of all excess leaf material previous to inoculation, (3) appli- 
cation of sand in such a manner that a minimum of plant tissue was buried, 
(4) more care taken to insure a perfect stand, and (5) incorporation of 
culture 303 into the test. 

Unfortunately, such a careful set-up ended in near disaster, due to the 
fact that peat was used to conserve moisture in the flats and damping-off 
resulted. Much transplanting had to be done and a very uneven stand was 
obtained. In addition the inoculum became contaminated from standing 
too long. Because of the time consumed in preparation, it \vas decided, 
however, to salvage what remained and make the tests (Table 3). Certain 

TABLE 3. — Results of mocnlation tests of Typliida species on varions grains and 
grasses^ from three randomised plantings expressed as mimher of infected playits of total 
plants recovered. Inoculated April 1, 1941. Data taken August 14, 1041 


Host 

Number of seedlings infected (I) 
and total (T) with indicated 
isolate No. 

Total 

Cheek 


303 

310 

327 







T 

I 

T 

I 

T 

I 

T 

I 

T 

Bent, Astoria 

30 

30 

24 

29 

31 

31 

85 

90 

0 

30 

Bent, Colonial 

29 

29 

23 

29 

30 

30 

82 

88 

0 

30 

Barley 

33 

34 

33 

34 

32 

32 

98 

100 

0 

31 

Ky. bluegrass 

30 

30 

28 

30 

28 

30 

86 

90 

0 

29 

Oats 

27 

29 

33 

34 

29 

30 

89 

93 

0 

30 

Orchard grass 

32 

32 

29 

30 

30 

30 

91 

92 

0 

30 

Orchard grass, 

Banish 22385 

30 

30 

30 

30 

30 

30 

90 

90 

0 

30 

Orchard grass, 

Akaroa 118759 

29 

29 

28 

30 

30 

30 

87 

89 

0 

30 

Bye 

16 

; 22 

20 

24 

28 

30 

64 

76 

0 

26 

Timothy 

30 

! 30 

26 

30 

30 

30 

86 

90 

0 

30 

Wheat 

30 

j 30 

29 

31 

28 

29 

87 

90 

0 

30 

Total 

to 

I — t 

CO 

325 

303 

331 

326 

332 



0 

326 


positive results were obtained. The treatment had little effect on the viabil- 
ity of the uninoeulated cheek plants. The clipped and trimmed plants were 
abundantly covered with sclerotia. Culture 303 was equal in pathogenicity 
to 310 and 327. 

The meager results obtained from this experiment left the peculiar re- 
sults of the other two orchard grass isolates, 302 and 304, unexplained. This 
reaction was a general one applicable to all plants tested rather than a spe- 
cific one limited to Orchard grass alone. Nor did it resemble the reactions 
of other cultures of Typhula on plants from the same species. Unfavorable 
temperature or time of exposure could have been responsible for the results. 
Of these factors, the latter offered the most promise for further tests. Vary- 
ing the temperature involved too much space and equipment for the length 
oi time required. For this reason it was decided to limit a final experiment 
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to the time variable, to iiicliicle only grasses and to limit these to duplicate 
plantings (Table 4). 

In spite of the lengthened exposure (7 months instead of 4.5 months), 
the cheek plants remained remarkably viable. Inoculated plants were 
nearly all killed. Cultures 303, 308, 309, 310 and 316 caused greatest in- 
jury. This was easily determined without disturbing many plants. Least 
destructive were cultures 302, 304 and 327. Of these 302 and 304 showed 
a slight increment in number of sclerotia present, but these were small com- 
pared to their size in culture. 

DISCUSSION 

The particular value of the work herein reported lies in the fact that 
most pasture grasses have proved quite susceptible to the species of Typhida 
commonly found on grains and grasses (2). Under the conditions of our 
experiment there was very little evidence of disease resistance, although 
some noninfected plants usually were found. The small number of plants 
used in these tests hardly serve as a basis for determining this character. 
That disease resistance occurs in some species has been reported b}^ Eems- 
berg and Hungerford (4) and demonstrated by Wernham (5). The imj^or- 
tance of disease resistance is evident in any grass-improvement program 
provided that the disease is economically serious in the area. The extent 
of winter injury in pastures is not very well known, probably because the 
pastures are not examined early enough in the season. It is impossible, 
therefore, to estimate the percentage of winter injury that is due to disease. 
It seems logical from the data presented that the amount and severity of 
winter injury due to snowmold would depend on the type and duration of 
certain weather phenomena. A dry, open winter would present less favor- 
able conditions than a wet, snowy one of long duration. The senior writer 
has observed this to be the case in field-plot inoculations on fine turf. 

Whatever importance snowmold of pasture grasses may assume, an 
experimental approach to the study of disease resistance has been established 
under conditions of artificial inoculation. Independent of the vagaries of 
the weather to which field-plot techniques are subjected, the method provides 
for positive results at any season on a scale of operation hitherto unattained 
(4). In addition it suggests that artificial covering may be substituted for 
snow in field-plot trials. 

The evidence indicates, too, that not all the organisms responsible for 
winter killing or injury have been determined. Nor is it safe to assume that 
the presence of a familiar looking organism is evidence of its pathogenicity, 
regardless of its previously established record. There does not seem to be 
any evidence of pathogenetic specialization among the species of Typhula 
■ tested. 

SUMMAEY 

A method of testing grasses and cereals for their reaction to Typhida sp. 
under controlled conditions is described. 
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All iittdeseribed species of Tyi^hula is probably responsible for some win- 
tei* kiliinp* of Akaroa and Danish orchard grass. 

The more common pasture grasses of the Northeastern States are highly 
sus('(‘ptible to Tjfpliida snowmold under artificial conditions. 

l\Iost of the isolates of Typhiila sp. tested herein are pathogenic to all 
the spe(*ies of grasses included in the tests. 

Patiiogeiietic races among the species of Typhida considered were not 
j'evealed under tlie conditions of our experiments. 

A statement regarding the presence or absence of plants resistant to 
Typhida sp. is not warranted from our results. 
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SOIL FUMIGATION WITH CHLOKOPICRIN FOR CONTROL OP 

THE ROOT KNOT NEMATODE, HBTERODBRA MARIONI^ 

A.L.Tatlob 

(Accepted for publication May 1, 1943) 

INTRODUCTION 

It is a well-recognized fact that the root-knot nematode, Heteroclera 
marioni (Gornix) Goodey, is one of the worst plant pests known. The pos- 
sibility of control of this pest by means of Yolatile poisons, applied to the 
soil before planting a host crop susceptible to damage, has long been recog- 
nized, and numerous chemicals have been more or less thoroughly tested for 
this purpose. One of the most promising of these is chloropicrin.^ 

REVIEW OP LITERATURE 

Ghloropicrin was first employed as a iieinatocide in 1919 (11), but little 
was published on the subject until 1932. In that year Johnson and Godfrey 
(10) reported that good control of root knot could be obtained by the use of 
163 lb. of the chemical per acre. In their experiments it was applied by 
introducing small amounts into holes in the soil, 5 or 6 inches deep and 18 
inches apart. In 1934, Godfrey, Oliveira, and Hoshino (8) reported that 
good control of root knot had been obtained in Hawaii by applying 250 to 
400 pounds of ehloropicrin per acre to loose soil without excessive moisture. 
Applications were spaced no more than 18 inches apart, and a gas-im- 
pervious cover of glue-coated paper was placed over the soil after treating. 
In 1935, Godfrey (6) reported that applications of 130 to 170 lb. of chloro- 
picriii per acre in pineapple fields had given sufficiently good control of root 
knot to produce a substantial increase in yield. Neller and Allison (12) in 
1935, designed a machine for the rapid application of ehloropicrin and 
found that good control of root knot was obtained by the use of 203 and 405 
pounds of ehloropicrin per acre. Newton, Bosher, and Hastings (14) 
devised a method for determining spacing of injections of soil fumigants 
in 1937 and obtained fair control of root knot in greenhouse benches by the 
use of 1 ml. of ehloropicrin per square foot. 

In 1939, Howard, Stark, and Smith (9) reported that surface watering 
of the soil was as effective as gas-impervious covers in increasing the efficacy 

1 Cooperative investigations by the Division of JSTeinatology, Bureau of Plant In- 
dustry, United States Department of Agriculture, and the Georgia Coastal Plain Experi- 
ment Station, Tifton, Georgia. 

2 ehloropicrin (CClaNOa) is a colorless liquid with a specific gravity of 1.63. It vapor- 
izes easily, and the vapor is extremely irritating to the eyes, causing them to water pro- 
fusely. Larger concentrations taken into the lungs cause violent coughing, nausea, and 
vomiting. These effects are produced by concentrations far below the lethal point and are 
only temporary, usually being relieved after a few minutes in fresh air. The liquid is 
highly irritating to the skin, and care should be taken to protect the hands and face while 
handling it. If spilled on clothing, the garment affected should be removed at once. It is. 
not inflammable or explosive. If the user transfers it from one vessel to another only in 
the open air and takes ordinary preeantions, it is not particularly dangerous to handle 
However, any person susceptible to or afflicted with a respiratory disease should use full- 

face gas-mask protection, even while working out of doors. 

. iia'6' ■ ■ 
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of oliloropicrin fumigations. In the same year, Chitwood (1) further re- 
fined the methotl of determining soil spacing for fumigants, and Tajdor (16) 
develni)ed malhematieal formulas for calculating optimum amounts for use. 
lii 1940. Yoimg (18) reported good control of root knot by the use of 300 
to (!()() lb. of eliloroiueriu per acre, and found that several sorts of glue were 
suitable for coating paper to use in covering the soil after treatment. In 
the same yeai- Chitwood (2) reported that root knot had been controlled in 
greenhouses and in the field by placing doses of a mixture containing 1.5 ml. 
of clii<>r(t])icrin and 8.5 ml. of ethylene diehloride® in the soil in holes 10.5 
inclu's apart in rows 9 incdies apart. Taylor and McBeth (17) reported in 
1941 that root knot of watermelons could be greatly reduced in the field by 
means of “spot treatments,” involving only the small portion of the soil 
occupied by the roots of the plants, with considerable economy of material. 
Also in 1941, Chitwood (3) reported that root knot and fungus diseases of 
gerberas in gri'indiouse soil, and root knot and fungus diseases of tomatoes 
in the field, could be controlled by the mixture of chloropicrin and ethylene 
dic'hloride mentioned above. 

Chitwood and Newhall (4) reported in 1942 that fall applications of 
chloropicrin, at the rate of 2 ml. per hole, with the holes spaced 10.5 inches 
apart in the soil, or a mixture of 1 part chloropicrin and 9 parts ethylene 
dieldoride applied at the rate of 10 ml. to the hole, with the same spacing, 
gave good control of onion bloat caused by the nematode Ditylenclms dipsaci 
(Kiilm) Pilipjev. In this j'ear also, Newhall and Stark (13) reported excel- 
lent control of Heterodera marmvi on a spring crop of tomatoes by treating 
the soil the previous fall with chloropicrin at the rate of 10.5 pounds per 1000 
scpiare feet (460 pounds per acre) or with a 1 : 9 mixture of chloropicrin 
and ethylene dichloride at the rate of 1,824 pounds per acre. Both were 
applied at 10-ineh intervals in holes 4 to 5 inches deep, 2-ml. doses of chloro- 
pierin or 10-ml. doses of the mixture being used. Chloropicrin has also been 
found to be highly effective against insects (15) and fungi (7) in the soil. 

EXPERIMENTS 

The experiments reported herein were begun in the summer of 1936 for 
the purpose of testing results obtained by previous investigators and devel- 
oping a dependable method of using chloropicrin against the root-knot nema- 
tode. No other plant-parasitic nematodes, insects, fungi, or bacteria were 
considered. 

In all the work reported, the soil used was Norfolk sandy loam in a field 
near Tifton, Georgia, that had been used several years for root-knot-sus- 
eeptible crops and had a moderate infestation of root-knot nematodes. All 
experiments were performed under outdoor conditions during the spring, 
summer, and fall. 

3 Ethylene dichloride (C.H4CI2) vapors are highly toxic, inflammable, and explosive. 
Persons handling this substance should be extremely careful of fires and should wear full- 

face gas-mask protection. 
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Basie procedure was the same in all eases. The soil was prepared by 
plowing and leveling, the chloropicrin injected about 6 inches beneath the 
soil surface by means of carefully calibrated applicators, especially designed 
for the purpose, and the remaining soil population determined by use of the 
indicator-plant method. This method was tested by Godfrey (5), who 
recommended that a quick-growing crop, highly susceptible to root knot be 
planted at the rate of one plant per square foot on the soil to be tested. The 
plants are allowed to grow long enough to be invaded by most of the nema- 
todes in the soil but not long enough to allow reproduction and secondary 
infection to occur. This period is about 30 days when soil temperatures are 
above 20° C. The roots are then removed with ordinary care, examined, 
and classified as infected or not infected. The correlation between the per- 
centage of infected plants and the nematode population of the soil is suffi- 
ciently high to enable fairly accurate estimates of the soil population to be 
made and certainly high enough to show the large changes in population 
that might be expected to follow successful control measures. The system 
used in the present study followed this method, except that indicator plants 
often were allowed to grow from 6 weeks to 2 months, permitting the devel- 
opment of secondary infection and increasing the chances of detecting very 
small populations. 

Precautions were taken during the growing period to prevent contamina- 
tion of the plots by nematodes brought in by running water and cultivating 
tools. Border effects due to migration of nematodes into the plots were 
eliminated by examining only plants from the central portions of the plots 
and rejecting those growing within 2 feet of the edge. Indicator plants 
were invariably examined with a dissecting microscope and were classified 
as infected if even one root-knot nematode was found. Fifty to 100 plants 
were examined from each plot. 

Kesults of the experiments are given in the tables as percentages of in- 
fected indicator plants. Differences in averages are referred to as “signifi- 
cant” when statistical analysis of the results indicated that odds were at 
least 19 to 1 that results were not due to chance, and as “highly significant” 
when the odds were 99 to 1 that results were not due to chance. 

The chloropicrin applied was the standard commercial grade (99 per 
cent pure). Applications always were spaced so that adjacent application 
points formed equilateral triangles, and the application distances given are 
the length of the sides of these triangles (16). Soil temperatures Avere 
always measured at a depth of one foot. Diurnal variation in soil tempera- 
ture at this depth usually is only 1° to 2° C. in southern Georgia. 

Experiment No. I consisted of 25 plots, each 16 by 16 feet, arranged in a 
Latin square. Rates of application of the chloropicrin were: None, 50, 
100, 200, and 400 lb. per A. Application points were spaced 16 inches 
apart. The soil temperature at the time of treatment was 25° C. Soil 
moisture was not determined. Plots were covered with overlapping strips 
of mulch paper immediately after treating and uncovered 4 days later. Ex- 
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ainination of the Wliipiioorwill cowpeas, Tigna sinensis (L.) Haussk, used 
as indicator idants, p'avo the results presented in table 1. 


TAHJ.K l.—Vercenioges of root-hnot infected indicator plants in plots treated with 

chinrapirriii tutd covered with ‘mulch ’paper 


'Ib-Giitinmit 
( pmnids I'hlorO' 

Iiife 

cted plants in plots after application of chloropicrin 

ap]»iicd 
per ) 

Bow 1. 

Bow 2 

Bow 3 

Bow 4 

Bow 5 

Average^ 


70'r rent 

Per cent ' 

Per cent 

Per cent 

Per cent 

Per cent 

0 

5(1 

50 

27 

14 

5 

30.4 

50 

17 

7 

1 

2 

0 

5.4 

Iftn 

5 

5 

0 

0 

0 

2.0 

200 

0 

0 

' 0 

0 

0 

0.0 

4<HJ 

0 

0 

-i 

1 0 

1 

0 

0 

0.0 


DifTerciK^eK lK't\vt*eii control and all treatments significant; no significant difference 
between treatments. 


Experiment Xo. 2 was a 25-plot Latin square treated with chloropicrin 
at the f{)ll()wiii.i»* rates: None, 50, 100, 150, and 200 lb. per A. Application 
points were spaced 16 in. apart. The soil temperature at time of treating 
was 20° C. Soil moisture content was not determined. No paper covers 
were used after treatnieiit. Instead, the plots were sprinkled with enough 
water to wet the top inch or two of soil, forming a -water seaP^ to prevent 
too rapid escape of the fumes. Squash {Cucui^lita maxima Duchesne) was 
used as an indicator crop. Results are given in table 2. 

TABLE 2. — Percentages of root-knot infected indicator plants in plots treated with 
cMoropicrm and water-sealed 

Treatment Infected plants in plots after application of cliloropicrin 


nmuiuis ciiioru- 
picrin applied i 

per acre) , Bowl 

Bow 2 

Eoav 3 

Bow 4 

Bow 5 

Average^ 

' Per cent 

0 86 

50 45 

100 29 

150 3 

200 2 

Per cent 

32 

18 

41 

4 

6 

Per cent 
30 

30 

2 

0 

0 

Per cent 

36 

12 

11 

1 

4 

Per cent 

68 

8 

8 

3 

2 

Per cent 
50.4 

22.6 

18.2 

2.2 

2.8 


<>■ Differences betwe^en control and all treatment averages Mglily significant; difference 
betweim lOO-lb. and 150-lb. treatments significant. 


Experiment No. 3 consisted of 40 randomized plots, each 16 by 16 feet. 
Chloropicrin was applied to 32 of these in 4 groups of 8 plots each at the 
rates of 50, 100, 150, and 200 lb. per A.; and the remaining 8 plots were left 
untreated. As the experiment was originally designed to explore the rela- 
tion of soil temperature and moisture to chloropicrin fumigations, groups 
of plots w’ere treated at various temperatures from 18° to 25 G. and at soil 
moistures ranging from 2 to 8 per cent. Spacing of applications was 16 
inches. No cover or water seal was used. As there were no significant 
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differences in the temperature and moisture portions of the exjoeriment, 
table 3 gives the percentages of infected Whippoorwill cowpea indicator 
|)lants grouped according only to amounts of ehloropicrin used. 

As the only variation in technique between this experiment and the two 
previously described was the omission of the cover or water seal, the results 
indicated that successful fumigation cannot be expected when neither of 
these is used. 

In another experiment a maximum of 200 lb. of ehloropicrin was applied 
to soil having a moisture content of only 2 per cent. Although glue-coated 
kraft paper covers, with the joints lapped 6 inches and glued and the edges 
buried 8 inches in the soil, were used, no appreciable effect on the root-knot 
nematode population of the soil was produced. 


TA.BLE 3. — Percentages of root-Tcnot infected indicator plants from plots treated 
n'ith ehloropicrin without cover or water seal 


Ti-eatment 


Infected plants in plots after application of oliloropicrin 


cliloropicrm 
applied 
per acre) 

Block 

1 

Block 

2 

Block 

3 

Block 

4 

Block 

5 

Block 

6 

Block 

7 

Block 

8 

Averages 


Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

0 

36 

57 

49 

26 

12 

31 

37 

33 

35.1 

50 

24 

62 

5 

27 

57 

42 

65 

49 

41.3 

100 

49 

1 

38 

63 

67 

45 

31 

26 

40.0 

150 

1 

33 

82 

60 

52 

42 

31 

25 

40.7 

200 

31 

6 

42 

0 

8 

37 

58 

33 

26.8 


“ No significant differences. 

That ehloropicrin might have important effects on germination of seed 
under certain conditions was demonstrated by an experiment in 1940. A 
block of plots was treated with ehloropicrin at rates of 200, 300, and 400 lb. 
per A., with 4 plots to each treatment and 4 nontreated control plots. Soil 
moisture at time of treating was only 6 per cent, but some rain fell on each 
of the 8 days after the chemical was applied. An indicator crop of cowpeas, 
planted 5 days after treating, failed to emerge on the plots receiving 400 lb. 
of ehloropicrin per acre. Approximately 10 per cent of the seed on the 
300 lb. per A. plots germinated, 26 per cent on the 200 lb. per A. plots and 
80 per cent on the nontreated checks. A second indicator crop, planted 1 
month after treating, grew normally. Apparently normal escape of the 
fumes from the soil had been prevented by the daily rains, and enough 
remained when the first indicator crop was planted to injure the seed. 

The experience gained in the previous wmrk made possible the formula- 
tion of a system of using ehloropicrin, which was tested in 1940. The pro- 
cedure in detail was: The plots were plowed, harrowed, and leveled, so that 
the soil was well broken up and very loose at the time of treating. Soil tem- 
perature was 21° C. and soil moisture was 6.7 per cent. Sixteen 10 by 10 
foot plots were laid out, rake^ smooth, and lightly sprinkled with wmter. 
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The soil surface was marked off in a grid of rectangles, 12 by 14 inches in 
size. The a}iplieator was set to place the chemical 6 inches beneath the soil 
surface. Working along the lines 12 inches apart, the measured applica- 
tions were phuu'd at the intersections of the marked lines on the odd-num- 
bered i-ows and halfway between these, intersections on the even-numbered 
rows. Holes made by the applicator spike were covered with soil by the 
operator immediately after the chemical was placed. When ehloropicrin 
had been applied to the whole plot, it was again raked and sprinkled with 
enough water to wet the top inch or two of soil. This completed the treat- 
ment. The plots were left undisturbed for a week to allow escape of the 
chemical, and then jilanted. 

The 1(> jilots were randomized according to the Latin square method, 
and 4 pl<»ts assigned to each of the following treatments : 

(A) Xo ehloropicrin. 

(P>) 1.1 ml. of ehloropicrin per application point (150 lb. per A.). 

(C) 1.4 ml. of ehloropicrin per application point (200 lb. per A.). 

(D) 1.8 ml. of ehloropicrin per application point (250 lb. per A.). 

.Squash Avere used as indicator plants and examined 6 weeks after plant- 
ing. llesults of the examination are presented in table 4. 

TABLE 4. — Percantages of rootPnot infected indicator plants from plots treated 
with chlaropicrin in 1940. xipplications spaced at 14-inch intervals and water seal used 


Treatment 
(pounds ebloro- 
pierin applied 
per acre ) 

Infected plants in plots after application of ehloropicrin 

Bow 1 

Row 2 

1 Row 3 

t 

Row 4 

Averagea 


Per 

Per 

Per 

Per 

Per 


cent 

cent 

cent 

cent 

1 cent 

^ O' i 

95 

93 

79 

74 

. 85.2 

150 

10 

■ 7 

17 

19 

13.2 

200 

3 

0 

0 

0 

0.7 

, 250 

0 

2 

0 

0 

0.5 


Diifereiiees between control and all treated plots highly significant; differences be- 
tween 150- and 200-poiind treatments significant. 


In the experiments reported above, the ehloropicrin was applied when the 
soil contained no undeeayed roots, as it was presumed that these would pro- 
tect the contained nematodes from the effects of the fumigation. In com- 
mercial greenhouses, the time required for the decay of the roots of one 
crop, before fumigating the soil and planting another is often very impor- 
tant. An experiment designed to test the effect of undecayed roots in the 
soil on the efficiency of ehloropicrin fumigation was performed in 1942. 
An infested plot, 50 by 50 feet, was planted to tomatoes (Lycopersicon 
escidentum Mill.) , which were allowed to grow for 6 weeks. At the end of 
this period, the main roots of the plants were heavily infected with root knot, 
with many large galls 1 or 2 cm. in diameter. The plot was then plowed, 
covering the tomato plants completely. On the same day, the plot was sub- 
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diYided to form 25 plots, each 10 by 10 feet. These were randomized by the 
Latin square method, with 5 plots in each of 5 treatments. The first group 
of. plots (A) was the nontreated control. Chloropicrin at the rates of 200 
and 300 lb. per A. was applied, on the same day the plots were plowed, to 
the second group of plots (B) and the third group of plots (C), respec- 
tively. Twenty days later, when the tomato roots had entirely disinte- 
grated, the fourth (D) and fifth (E) groups of plots were treated with 200 
and 300 lb. of chloropicrin per A., respectively. Thus the experiment con- 
sisted of control plots, plots treated when the roots were fresh, and those 
treated when the roots had entirely decayed, with chloropicrin applied to 
each of the latter two groups at 200 and at 300 lb. per A. Treahnent pro- 
cedure was as described for the preceding experiment. An indicator crop 
of cantaloupes (Cucumis melo L.) was planted and examined after gromng 
for 1 month. Results of the examination are given in table 5. 


TABLE 5.— Per cent ages of rooi-Tcnot infected indicator plants (cantaloupes) from 
plots treated with chloropicrin and containing infected tomato roots 


Treatment (pounds 
chloropicrin applied 


Infected plants in plots after application of chloropicrin 


per acre) and eou- 
ditioii of tomato 
roots 

Bow 1 

Bow 2 

Bow 3 

Bow 4 

1 

Bow 5 

Averagea 


Per cent 

Percent 

Per cent 

Per cent 

Per cent 

j Per cent 

(A) ISTone 

86 

96 

100 

96 

98 

95.2 

CB) 200.. 

(Boots fresh) 

0 

27 

78 

54 

26 

37.0 

(0) 300 

(Boots fresh) 

0 

20 

28 

2 

8 

11.6 

(D) 200 

(Boots decayed) 

2 

6 

12 

0 

0 

4.0 

(E) 300 

(Boots decayed) 

0 

0 

6 

0 

0 

1.2 


a Difference between control plots (A) and all treated plots highly significant; differ- 
ence between B and 0 significant; differences between C, D, and E not significant. 


DISCUSSION AND CONCLUSIONS 

From the practical standpoint, satisfactory control of the root-knot 
nematode might be defined as an effected reduction in the soil population 
of this nematode to the point where at least 90 per cent of the indicator 
plants escape infection in the early stages of growth. Under these circum- 
stances, about a year would be required for the number of nematodes again 
to reach the point where reductions in crop yields would be noticeable, even 
if the soil were used continuously for highly susceptible crops. 

The results of the experiments indicate that this degree of control can be 
obtained under Tifton, Georgia, conditions by the use of a minimum of 200 
pounds of chloropicrin per acre. Insignificantly better results were ob- 
tained with larger amounts. Smaller applications did not always give satis- 
factory control; 
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The eomlitioii oi tlie soil at the time of application and the use of some 
deviee to confine the fumes to the soil are as important as the amount of 
chloropicrin usetl. Fumigation is effective within the entire soihtempera- 
ture range tested, 20° to 27° ; furthermore, data from experiments not re- 
ported here indicate that successful fumigations can be made at tempera- 
tures even as low as 15° C. Fumigations made when the soil was moderately 
dam]) (moisture eontimt about 6 per cent) were good, but those made when 
the soil was very dry (moisture content 2 per cent) were not successful, even 
when eovm-s were used. While no data are available, it is probable that 
excessive soil moisture would prevent successful soil fumigation, since the 
diffusion of the fumes through the soil interspaces would be hindered by the 
water. 

Pimiiprations made without the use of either paper covers or water seals 
were not successful. Mulch paper, and wetting the top inch or two of soil 
with water w'ere effective in confining the fnmes. 

Kesults of the experiment with nndecayed roots indicate that these inter- 
fere seriously with tlie efficiency of the fumigation. Where 200 pounds of 
ehloropierin per acre were used, satisfactory control was not obtained when 
fresh roots were in the soil, although the reduction in population produced 
by this amount after the roots had disintegrated was very satisfactory. 
"When the amount of chloropicrin was increased to 300 pounds, a fair degree 
of control was obtained, even with nndecayed roots in the soil. However, 
control in this case w^ould be considered a little less than satisfactory, since 
two of the plots had 20 per cent or more of infected indicator plants. 

In the sandy loam soils used in these experiments, applications can be 
spaced at 14- to 16-inch intervals. It is safe to assume that chloropicrin 
would be effective wherever the soil is open enough to permit ready diffusion 
of the fumes, but it is probable that optimum spacing and amounts would 
vary greatly. For this reason, general recommendations cannot be made. 
Prospective users are advised to experiment on a small scale before attempt- 
ing large and extensive applications. 

In one experiment, seeds planted before all of the chloropicrin had dif- 
fused out of the soil were injured, but this case was exceptional. Mo injury 
was observed to seeds planted one week after treating in the 1940 experiment. 

Fumigation of one acre of soil with 200 pounds of chloropicrin would 
cost $160 for the chemical alone at minimum present prices. Application 
requires about 1 man-hour per 1,000 square feet of soil when a hand appli- 
cator of efficient design is used. It is apparent that the use of chloropicrin 
is economically practical only where crops of high value are to be grown. 
In greenhouses and seedbeds, it can replace steam sterilization in some cases 
or can be used where steam is not available. Other uses might be found in 
vegetable gardens, in seed beds, or in ornamental flower beds. In the field, 
only crops of high unit value would repay the investment. Here consider- 
able savings may be made by the use of the spot-treatment technique (17)- 
In this system, only the portion of the soil to be occupied by the roots of the 
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pla,nts is fiHuigatcd. Cost of the chemical for ■watermelons in hills spaced. 
8 feet apart is about $5 per acre. Cost for other crops would vary according 
to the proportion of the soil occupied by the plant roots. Apparently it is 
impractical to eliminate the nematodes entirely, so the treatment would have 
to be repeated periodically, possibly every year where the soil is used con- 
tinnonsly for susceptible crops. 

SUMMARY 

The nematocidal effect of cMoropicrin was tested in the field against the 
root-knot nematode, wanoni (Cornu) Goodey, Satisfactory con- 

trol was obtained by the use of 200 pounds of the chemical per acre in sandy 
loam soil containing no undecayed roots. Applications were made by plac- 
ing measured quantities of chloropicrin in holes in the soil 6 inches deep and 
spaced at 14- to 16-ineh intervals. Immediately after treating, the soil was 
sprinkled with enough water to wet the top inch or two, or was covered with 
mulch paper or glue-coated kr aft paper. Applications made when the soil- 
moisture content was only 2 per cent or when no cover or water seal was 
used failed to produce satisfactory control. Amounts of chloropicrin less 
than 200 pounds per acre did not always produce satisfactory results. 

When the soil contained fresh infected tomato roots, poor control was 
obtained with 200 pounds of chloropicrin per acre and fair control with 
300 pounds per acre. In the same experiment, 200 pounds per acre applied 
after the infected roots had disintegrated, produced good control. 

Germination of seed was partly prevented in one experiment where the 
indicator crop was planted before the chloropicrin had fully escaped from 
the soil. 
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SOME OULTUEAL PRACTICES THAT INFLUENCE THE 
DEVELOPMENT OP ALTERNARIA SOLANI 
ON TOMATO SEEDLINGS" 

W. D. Moore and H. Eex Thomas” 

(Accepted for publication May 28, 1943) 

INTRODUCTION 

A large part of the tomato canning-crop acreage of the United States is 
planted with seedlings that are produced in open field beds. This type of 
culture has introduced some important factors such as soils, temperature, 
humidity, fertilization, and methods of handling and transportation, which 
affect both the vigor of the plants and the problem of disease control. Alter- 
naria solani causes one of the most important diseases affecting tomato seed- 
lings in the area where they are grown in open fields. Recent investigations 
indicate that there are several conditioning factors involved in tomato seed- 
ling production under open field conditions that, if overlooked, can mate- 
rially influence the amount and severity of infection by this fungus in any 
given season. 

The production of tomato seedlings in the South for shipment to the 
North has developed into a large industry, particularly important to both 
growers and canners. Although playing an important role in the canning 
industry, field production of tomato seedlings has reached its present state 
without much research information on the specialized cultural practices 
involved, particularly as they may influence the development and growth 
of the plant after it is set in the field. As a result of field tests conducted 
in the plant production area of Georgia, Hester (2) showed the importance 
of certain soil and fertilizer practices in growing tomato seedlings. He also 
suggested the inclusion of plant nutrients in the packing moss in order to 
maintain plant vigor during shipping. Hartman and Stair (1) made com- 
parative studies of plants from various sources, but were interested pri- 
marily in plant growth and subsequent yields. They concluded that plant 
condition at the time of setting was more important than the locality from 
which they came. In an effort to maintain plant vigor, Sayre (4, 5, 6) 
found the use of nutrient '' starter"' solutions at the time of transplanting 
beneficial both in promoting rapid early growth and in the production of 
larger yields. Seaton and Strong (7) compared southern field-grown plants 
with Michigan cold-frame plants and concluded that the southern plants 

1 Conducted as a phase of cooperative investigations between the Division of Druit 
and Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural 
Engineering, Agricultural Besearch Administration, U. S. Department of Agriculture; 
the Department of Botany, Indiana Agricultural Experiment Station; the New Jersey 
Agricultural Experiment Station; the Georgia Coastal Plain Experiment Station; the 
Georgia Agricultural Experiment Station; and the Georgia State Department of Ento- 
mology. 

zDmsion of Fruit and Vegetable Crops aiud Diseases, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agriculture Eeseareh Administration, TT. S. Depart- 
ment of Agriculture. ; . . 
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were '^harder” and tended to develop more disease than their own locally 
grown plants. During the course of tomato seedling-disease investigations, 
eondiieted by tlie writers in Georgia and in Indiana from 1937 to 1942, it 
was found that 3 factors in the production and handling of tomato seedlings 
especially influence the development of Alternaria solani on commercially 
growii plants. These factors are: age of plants, wilting of plants, and 
length of time in transit or storage. A discussion of these, together with 
supporting data, is presented in this paper. 

DISEASE INCIDENCE AS AFFECTED BY AGE OF PLANTS 

Field-grown tomato seedlings are considered to he of the best shipping 
size when the height is from 6 to 9 inches. Under normal growing condi- 
tions the plants in a given field will stay within these limits for only a few 
days. Th<^ plants must be harvested during this critical period, or they 
become oversized, hard, and fibrous. Field observations have indicated that 
infection by Alternaria solani becomes appreciably greater when plantings 
reach this latter stage of growth, and critical buyers often refuse shipments 
of such plants. In order to determine the relation of plant age to Alternaria 
solani incidence, successive plantings of treated Marglobe tomato seed were 
made each year from 1939 to 1942. Dates of planting were as follows : 1939, 
March 8, 18, 28; 1940 and 1941, March 10, 20, 30; and 1942, March 11, 23, 
and April 2. Plots 25 x 50 feet were used for each planting, the rate of 
fertilizer application, number of rows, and rate of seeding being the same 
in all eases. In order that the disease might develop normally, no fungi- 
cidal sprays or dusts were used on the seedlings. As the plants in each 
planting reached commercial shipping size, 5 random samples of 25 plants 
each were pulled and packed according to commercial practice. Precau- 
tions were taken at each harvesting to pull only plants of acceptable com- 
mercial size and quality. After a storage period of 48 hours, the plants 
were transplanted to plots in another section of the field. This was repeated 
at 4- to 10-day intervals until 3 harvests had been made on each planting. 
After a growth period of 14 to 18 days, each transplanting was pulled^, 
washed, and the total number of stem cankers per sample of 25 plants was 
recorded. Due to a lack of canker development in all plots in 1939, only 
leaf -spot data were taken, the readings being made in the field before pulling 
the seedlings. The experiments in which the plants were stored and then 
ti'ansplanted \vere conducted from 1940 to 1942. 

The combined stem-canker and leaf -spot data for the 3 harvest dates 
during the period of these experiments are shown in table 1. Due to vary- 
ing humidity conditions between both plantings and harvests, the data are 
not consistent in all cases. The plants did, however, tend to increase in 
susceptibility to infection as they became older. Of particular importance 
is the fact that this relationship persists regardless of the date of seeding. 

Whether this increase in infection with the advance in seasonal growth 
was due to increased plant susceptibility, to accumulated inoculum, or to a 
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TABLE 1,—Belation of age of tomato plants to infection 'by Alternaria solanL 
Mean readings of infection per (composite) sample lot of B6 tomato seedlings. Harvested 
at different dates from each of three separate plantings^ in the years shown, and grown 
for 14 to 18 days as transplants 


1939 


Plantings 

Harvest dates 

Eequired difference for 

5/4 

5/8 

5/16 

5/23 

5/30 

sigiiidcanee^i 

1 

21.4b 

21.4 

21.4 




2 , 


13.0 

19.6 

20.8 


3.8 

3 



1 14.6 

! 

16.6 

15.0 



1940 


Plantings 

Harvest dates 

Bequired difference for 
significance^^ 

5/9 

5/14 

5/20 

5/26 

6/1 

1 

17.4« 

56.4 

50.6 




2 


35.2 

31.0 

48.8 


31.2 

3 



23.2 

39.2 

73.4 



1941 


Plantings 

Harvest dates 

Eequired difference for 
signifieanceti 

4/28 

5/7 

5/17 

5/24 

5/31 

1 

5.4c 

2.8 

57.2 




2. 1 


15.0 

44.8 

163.4 


56.6 

,3 



32.6 

97.8 

91.4 



1942 


Plantings 

Harvest dates 

Eequired difference for 
significance'^ 

5/4 

5/7 

5/14 

5/16 

5/19 

5/26 

1 

17.6c 


49.2 


27.6 



2 


6.2 


■ 5.8 


42,2 

21.4 

3 



17,6 


23.0 

62.0 



1942"3^iT*3%3X'2^ 

b Data for 1939 show number of plants infected with leaf spot iust before the har- 
vest date. 


in the^eld^^^ stem-canker lesions per plant after storage, transplanting, and growth 
<1 At the 1 per cent level. 

combination of the two has not been fully determined. Spore traps failed 
to show an increase in air-borne spores until very late in the season ; how- 
ever, this does not preclude the possibility of an accumulation of spores on 
individual plants and a consequent rise in infection during the season. Of 
particular interest is the fact that infection may increase because the tomato 
plants have become more susceptible to Aliermria solmi infection through 
a lowering of the nutritional level. This is suggested by data compiled in 
1940-41 and shown in table 2 where equal lots of plants that had received 
1, 2, and 3 applications, respectively, of a 4-8-4 fertilizer at 10-day intervals 
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were inoeiikted with a spore suspension of AUernaria, solani Following 
inoculation, the plants were stored for 48 hours at temperatures of 70 to 
80° P., then transplanted to soil flats in the greenhouse. After growth 
periods of from 8 to 14 days disease readings were made. It is apparent 
from these data that the plants became more susceptible as the amount of 
available plant food was lowered. 


IWBIjE 2 . — -Mcmn of AUernaria solani stem lesions or leaf spots on composite 
,\(imple lots of i)0 tomato seedlings grown in soil flats receiving different numbers of 
applications of a fertiliser prior to inoculation, storage, and transplanting 


Year 

Experi- 

ment 

jinmber 

One applica- 
tion 

Two applica- 
tions 

Three appli- 
cations 

Required dif- 
ference for 
significance^ 

1940 

1 

41.3b 

13.6 

5.3 

3.6 

1940 

.2 

216.6b 

158.3 

150.7 

6.1 

1940 

, 3 i 

122.8c 

68.5 

31.0 

5.6 

1941 

1 4 

320.0b 

340.2 

192.2 

9.8 

1941 

1 ' ^ 

137.8b 

115.1 

17.5 

5.9 


» At tlie 1 per cent level, 
b Stem canker, 
c I^eaf spot. 


The average soils in the South that are normally used for seedling pro- 
duction are fairly low in plant nutrients; also, fertilizer applications on 
these soils are held to a minimum in order to prevent too snecnlent growth 
during periods of excessive rain and when the seedlings reach shipping size. 
In the light of the data presented in table 2, it is possible that a part of the 
increased field infection is a result of these conditions, in causing a lowered 
physical vigor of the tomato seedlings as they grow older. 

The immediate application of these findings to the requirements of the 
various canning areas of the North becomes strikingly evident. Due to such 
factors as varieties, weather conditions in the growing areas, and transpor- 
tation, buyers quite often wish to draw plants from a given field for several 
weeks, thus causing them to become over-aged and more susceptible to infec- 
tion. The above results indicate that this is a very undesirable practice. 

INFLUENCE OF WILTING ON SUSCEPTIBILITY TO INFECTION BY 
ALTERNARIA SOLANI 

Because of the large volume of tomato seedlings the average commercial 
grower is forced to handle during the very short spring shipping season, 
instances of poor handling and packing become commonplace in most sheds. 
One of the most serious of these errors is that of allowing excessive wilting 
of plants that are not packed promptly after pulling. The average elapsed 
time between pulling and final packing is about 8 hours, although periods 
of 24 hours are not unusual. With fairly high temperatures and medium 
relative humidity prevailing in the packing sheds at all times, it is obvious 
that there is a considerable physical deterioration from evaporation and 
respiration during this period, although the plants freshen again after pack- 
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ing. Obsci’vatioHs of disease incidence due to certain types of plant injuries 
(3) suggested tlie possibility of a relationship beti'feeii plant ‘VTilting and 
infection by Alternaria solani. Accordingly, a series of experiments on this 
point was started in the spring of 1939 and continued through 1942. 

Tomato seedlings of uniform size and vigor were pulled in bundles of 
50 and treated as follows : 5 bundles were packed immediately with wet moss 
and wrapped with paper; a second lot of 5 bundles was allowed to remain 
on the table lithe packing shed for 6 hours, after which the bundles were 
packed and wmpped as above ; a third lot of 5 bundles was allowed to remain 
in the shed for 12 hours before packing; and a fourth lot of 5 bundles was 
held for 24 hours before being packed. After packing, all bundles were 
placed immediately in baskets and held in storage at room temperature until 
each lot had been stored for 48 hours. Following this period, each lot of 
plants was transplanted to the field. The different lots were planted in 
blocks of randomized rows, the blocks being replicated 5 times. No artificial 
inoculations were used, the inoculum coming entirely from such natural 
sources as are present in the average tomato field. After growing for 14 to 
18 days, each replicate was pulled separately, washed, and the total number 
of stem lesions recorded for the 250 plants of each treatment. This pro- 
cedure was followed in 2 experiments eondueted in 1939, and in additional 
tests in 1940 and 1942. 

The data for the 4 experiments are given in table 3 and also are shown 


TABLE 3. — -Means of Alternaria solani stem lesion readings in four tomato expert- 
ments where samples of 250 seedlings in five replicates were subjected to varying periods 
of wilting prior to pacMng and storage 


Bate 

Mean number stem cankers 
per 250 seedlings 

Required dif- 
ference for 
significance^ 

No ' , 

wilting 

6-hour 

wilting 

12-hour 

wilting 

24-hour 

wilting 

June 1939 

201.8 1 

342.0 

404.6 

474.0 ' 

8.7 

Oct. 1939 

115.6 

178.6 

288.2 

313.8 

5.9 

May 1940 

278.8 

369.2 

429.3 

473.7 

8.5 

June 1942 

188.4 

233.6 

313.8 

299.6 

10.4 


a At the 1 per cent level. 


graphically in figure 1. It is apparent that tomato seedling susceptibility 
increased as the period of wilting increased. The amount of disease in- 
creased significantly from the short- to the long-time periods in all of these 
experiments. From the standpoint of both the grower and the buyer the 
practical importance of these findings is apparent. ' 

In order to further verify the role of wilting in these experiments, 2 other 
tests were made in which the plants were pulled and reset immediately in 
medium dry soil in plots replicated as described above, but the plants were 
watered at setting as follows : first lot, no 'ivater ; second lot, 50 cc. per plant; 
third lot, 100 ec. per plant; fourth lot, 200 cc, per plant; fifth lot, 500 ec. 
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pel All fipjiieciable sinount of wilting oeenrred on tie lots receiving 

no water. oO cc.,. ancl'lOO cc., and progressively less amounts ‘on tie lots 
receiving larger quantities of water. After periods of from 14 to 16 days, 
each replicate was pulled separately, wasted, and the total number of stem 
lesions recorded. Data for the 2 experiments are shown in table 4. Prom 



Tig, 1. Alternaria solani infection on lots of 250 tomato seedlings subjected to dif- 
ferent periods of wilting before packing and storage. 


TABLE 4 . — Means of Alternaria solani stem lesion readings for ISO plants in tomato 
seedling experiments where varying amounts of water were applied to the plants at time 
of tra7isplanting 



I Experi- 


Ce. of water per plant 


Eequired dif- 

Year 


No 

water 





ference for 

ment 

50 

100 

200 

500 

significance^ 

1039 

1 

214.0 

118.4 

78.0 

80.2 

40.6 

6.7 

1939 

,, '3 

98.3 

98.1 

89.6 

72.5 

35.5 

5.1 


a At the 1 per cent level. 


these data it is evident that stem-canker development decreased as the 
amount of water per plant was increased. Apparently, high disease in- 
cidence in these experiments was associated with wilting in the same manner 
as was shown in the first series of wilt tests. 
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THE RELATION OP LENGTH OP STORAGE TO INFECTION BY 
ALTERNARIA SOLANI 

The Hiain portion of tomato plants produced in the South go to the 
canning areas of the North, and consequently require a shipping period of 
24 to 60 hours. In many instances plants cannot be transplanted for a day 
or two after they are received at their destination. Since rather high tem- 
perature and high humidity exist in the baskets or crates in which the seed- 
lings are packed, any prolonged lapse of time between time of shipment and 
final transplanting is likely to influence disease development. During the 
course of nutrient studies on tomato seedlings during the seasons of 1939, 
1941, and 1942, a number of storage tests were conducted in which it was 
possible to make disease comparisons between lots of plants subjected to 
2-day and 4-day storage periods. Lots of 5 bundles of 25 plants were packed 
according to commercial practice, then stored at room temperature. At the 
end of a 2-day period one lot was removed and transplanted to the field and 
another was similarly treated at the end of a 4-day period. All plantings 
were allowed to grow for periods of 14 to 18 days, after which each lot was 
pulled separately, washed, and the stem lesions recorded. The combined 
data for 7 of these storage tests conducted at Tif ton, Ga., are shown in table 5. 


TABLE 5. — Mean number of Alternaria solani stem lesions found on lots of 60 
tomato seedlings subjected to different periods of storage prior to transplanting 


Bate 

Number 

replicates 

2-day storage 

4-day storage 

June 1939 

6 

157.5+ 14.3a 

229.1+ 2.9 

June 1939 

5 

43.0 + 7.4 

67.0 + 6.6 

June 1939 

5 

127.2+ 13.4 

259.2 + 7.8 

June 1941 

5b 

128.4+ 17.3 

213.6+ 20.0 

June 1941 : 

5b 

371.6+ 34.8 

691.2 + 16.1 

June 1942 ; 

5 

1368.6+116.3 

1601.0 + 166.8 

J une 1942 

5 

708.6 ± 36.2 

1212.8 ± 126.0 

Totals 


407.8 ± 70.2 

599.9+ 64.3 


a Standard error of the mean. 
^ 3-day and 6-day storage. 


These data indicate that infection hj Alt emaria solani increased signifi- 
cantly when the storage was extended from 2 to 4 days. 

In 1938 a test was conducted with locally grown tomato seedlings that 
were inoculated with a suspension of Alternaria solani spores, packed in peat 
moss, then stored at room temperature (70° to 75° F.). After the desired 
periods of storage, the plants were transplanted to greenhouse benches. 
Stem-lesion data (Table 6) were recorded after 7 days. 

Storage tests similar to the above also were conducted in Indiana in 
1939, 1940, and 1942. Tomato seedlings grown in Georgia were packed as 
previously described and shipped by express to Lafayette, Ind. Upon ar- 
rival one lot was set in the field immediately and another held in storage 
for 2 or 3 days before setting. Since the normal shipping time between 
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6e(M‘^“ia and Indiana is 2 days, plants set immediately upon arrival were 
considered as liaving* liad 2 days of storage. The number of stem lesions or 
leaf sj>ots was recorded after growth periods that varied in the different 
years {‘rom 11 to 27 days after setting. The data from these experiments 
are also give!i in table 6. 


TAiM.E fj . — Mean number of Altermrid solani stem lesions or leaf spots found on 
lots of /c“ stcdlintis subject to different periods of storage prior to transplanting' 

hi Iudi(Uin 


Bate 

Short storage 
ave. number 
jier plant 

Long storage 
ave. number 
per plant 

Required differ- 
ence for 
significance® 

Mav 

I ' 0.3 

2.4 

0.8 

■Time 1939b 

0.1 

1.6 

0.6 

rTiiuP 

0.3 

0.2 

f 

,Tuiu> 1942'1 

0.9 

1.5 

0.7f 


a Btc‘m lesions after 1 and 3 days storage, 
b Leaf spots after 2 and 4 days storage, 

Btein lesions after 3 and 6 days storage, 
tt Btein lesions after 2 and 5 days storage. 

« At the 1 per cent level, 
f F value not significant. 

From the data shown in table 6, it is apparent that in 1938 and 1939 
Alternuria solani infection increased on the tomato plants stored for the 
longer period ; but in 1940 and 1942 there was no significant difference 
between storage periods. It should be noted, however, that 1940 and 1942 
were seasons in which disease incidence was very low on all seedlings shipped 
from Georgia. 

DISCUSSION 


The commercial production of tomato seedlings in the South and the 
problem of transporting them to northern canning areas is a complicated 
agricultural enterprise. Consideration must be given to such factors as 
plant nutrition, horticultural practices, weather conditions, diseases, and 
transportation. Whether acting individually or collectively, these several 
influences can affect both the general production problem and the specific 
problem of infection by AUernwria solani. Eecognition of the interrelation- 
ships of these several factors is necessary in attempting to develop a system 
of control for this disease. The fact that increasing age of plants was found 
associated with increasing susceptibility to infection by AUernana solam, 
as shown by the data in table 1, is important as only one factor among the 
several that are involved in the whole disease problem. Some canning areas 
of the North demand plants early in the spring, while others want them late. 
By making interval plantings in the South to meet the requirements of the 
respective areas of the North one phase of disease control that appears to 

have appreciable merit may he instituted. , . , , . + 

While some undesirable circumstances involved in tomato plant produ - 
tion can he entirely removed, others can he modified or improved only to a 
degree. Since plant wilting cannot he entirely prevented, some damage 
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from this cause appears unavoidable. However, the fact that prolonged 
periods of wilting inci'eased the infection by AlteTfidTid solcini indicates that 
appreciable reductions in disease losses may be possible through adjust- 
ments of field and packing-shed practices so that wilting periods wall be 
reduced to the shortest possible time. 

Time lapse in tomato-plant transportation between any two points is 
fairly well fixed by train schedules ; consequently, holding periods for any 
particular shipment cannot be reduced below this minimum. However, 
storage of plants for additional periods of time after arrival in the North 
appears, on the basis of the data in tables 5 and 6, to be an undesirable prac- 
tice. Altermria solani is known to develop rather rapidly under conditions 
of high humidity and temperature and, since the average tomato plant ship- 
ment is subjected to such an environment, it is reasonable to expect in- 
creased damage from unduly extended shipping and storage periods, 
particularly since the present experiments indicate that during most seasons 
there is sufficient inoculum on the tomato plants for heavy natural infection. 
Experiments under way at the present time in cooperation with E. V. Miller 
of the Methods of Handling, Transportation and Storage section of the 
Division of Fruit and Vegetable Crops and Diseases, suggests that plants 
may be shipped successfully in refrigerator cars where optimum tempera- 
tures can be maintained by the limited use of ice in the bunkers, thus elimi- 
nating much of this damage. 

CONCLUSIONS 


Amount of infection of tomato seedlings by Alternaria solani increases 
with age of the seedlings. 

Susceptibility of tomato seedlings to infection by Alternaria solani in- 
creases as periods of wilting are increased. 

Alternaria solani inteetion of tomato seedlings increases as the period 
of storage is lengthened. 

Substantial reductions in losses or damage of southern-grown tomato 
seedlings, from. Alternaria solan% can be brought about by avoiding too early 
planting or use of over-age plants, by prompt and careful packing to avoid 
wilting and mechanical injury, and by transporting and transplanting with 
a minimum of delay. 


4. 
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EFFECT OP MINEEAL NUTEITION ON PLOWEE PEODUCTION 
OP OWN-EOOTED EOSES AND THE INCIDENCE 
OP BLACK-SPOT 

E , O .• M A D E E 

(Accepted for publication April 20 , 1943) 

In a nutrition experiment comparing grafted, budded, and own-rooted 
roses it was found that plants of the same wiety receiving solutions of 
various composition responded differently to black-spot infection. This 
experiment was a project of the research department, Yoder Bros., Barber- 
ton, Ohio. The findings with own-rooted roses grown under greenhouse 
comlitions and the results of studies on outdoor roses will be included in 
this paper. The latter were obtained from the writer ^s rose garden at 
Doylestown, Ohio. 

rHE EFFECT OF MINEEAL NUTRITION ON OWN-ROOTED ROSES GROWN 
UNDER GREENHOUSE CONDITIONS 

The experiment was planned to study the effect of nutrient solutions 
of different composition on flower production, blindness, and bullhead for- 
mation. Gravel culture units containing Haydite as the growing medium 
were used. Equal numbers of young rooted rose cuttings were planted on 
November 18, 1938, in 6 independent gravel units. The plant material 
consisted of the following varieties: Briarcliff, Better Times, Johanna Hill, 
Ellen, and Hollywood. In the course of the investigations 4 gravel units 
were discontinued in April, 1939, leaving the 2 units for flower production. 
These units were 'in the center of the greenhouse and similarly located in 
regard to its construction. 

The following nutrient solutions were applied to the plants : 


Withrow B’-B 
Salts 


K.SO4 


Purity of salts 95 per cent 

Millimolar con- 
centration ...... 

Muder B-X 

Salts , '. 


Purity of salts 
Millimolar con- 
centration 


6.0 

KNO3 
90 per cent 
9.0 


CaH4(P04)2 

•H2O 

Monsanto 

0.5 

GaH 4 (P 04 )o 
• H2O 
Monsanto 

2.0 


Ga(N03)3 

82 per cent 
4.0 

Ca(N03)2 
82 per cent 
5.3 


NH4lSrOa 
90 per cent 

4.0 

NH4NO8 
90 per cent 

8.0 


MgS04*7Ho0 


0.5 


MgS04*7H20 


4.0 


Solution Withrow E-2 was recommended by E. B. Withrow of Purdue 
University, Lafayette, Indiana, as ‘‘a solution for use during bright 
weather’^ and suitable for conditions under which the experiments were 
planned. Solution Mader E-1 was selected from a series of solutions under 
investigation, and was found most suitable for rose production under the 
conditions of these experiments. 

The solutions were changed every 3 weeks, and the culture medium com- 
pletely and repeatedly flushed with water in order to remove any excess salt. 


11 


1186 


Phytopathology 


[VoL. 33 


The pH of the solutions was kept at 6.5 by daily adjustment. To these solu- 
tions the following minor elements were added: iron, 7.5 p.p.m. weekly; 
boron 0.5 p.p.m.; copper and zine 0.05 p.p.m. and manganese 1 p.p.m. 
every 3 weeks. The units were subirrigated and 100 gal. of solution to 66 
square feet of bench space were used. A 4 -hour interval of automatic sub- 
irrigation was maintained throughout the experiment. In order to prevent 
the growth of algae on the surface of the medium the solution was pumped 
to within 1 inch of the top layer only. The young plants were constantly 
pinched (soft-pinched) until May 15, 1939, in order to build up the plant 
structure. Starting July 1, 1939, a production record of flowers and bull- 
heads was kept (Table 1). 


TABLE 1. — Cut-flower and hullhead record July 1 to Nov. SO, 19S9 



Number 
of plants 

Cut-flowers 

Bullheads 

Variety 

Total 

number 

Average 
per plant * 

Total 

number 

Average 
per plant 

Solution Withrow E-S 






Briarcliff 

24 

194 

8.08 

15 

0.63 

Better Times 

24 

201 

8.38 

11 

0.46 

Johanna Hill 

12 

120 

10.00 

1 

0.08 

Ellen 

12 

78 

6.50 

1 

0.08 

Hollywood 

18 

78 

4.33 

2 

0.11 

Solution Mader E-1 






Briarcliff 

24 

340 

14.16 

63 

2.63 

Better Times 

24 

246 

10.25 

21 

0.88 

Johanna Hill 

12 

199 

16.58 

2 

0.17 

Ellen 

12 

188 

15.67 

8 

0.67 

Hollywood 

18 

200 

11.11 

9 

0.50 


The difference in the effect of the 2 nutrient solutions is evident. Solu- 
tion Mader Er-1 supported a more vigorous plant growth and flower pro- 
duction than solution Withrow E-2. Plants under the latter treatment 
produced a type of growth tending toward blindness which, in part, may 
explain the lower flower production. 

Plants treated with Mader R -1 tended toward bullhead f ormation. The 
term ‘'bullhead’^ designates a type of growth resulting in partly developed 
flowers. The bullhead usually is formed on a vigorous cane, and in most 
eases is associated with an over-fertilization with nitrogen, particularly 
NH 4 NO 3 . Although its nature is but partly understood, this abnormal 
physiological behavior in the rose plant seems related to its reaction to 
black-spot. Apparently, the more vigorous the plant the less prevalent is 
black-spot. 

In the early part of August, 1939, a heavy storm deranged the ventilating 
system of the greenhouse. The accompanying rain kept the foliage of the 
plants wet for more than 6 hours. About 10 days later the plants appeared 
as if they had been subjected to mass inoculation with the black-spot fungus. 
Although the infection occurred by chance, the response of the plants under 
the 2 solution treatments was of interest. The own-rooted ones were selected 
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beeauM^ tliey ]iad been subjected to these 2 nutrient solutions throiigliont 
their development. No counts were taken on grafted and budded plants 
included in this experiment. 

Premature leaf drop (a result of black-spot infection and of syringing 
for ivil s|>i(Uu-) did not permit further counts of diseased leaflets. Counts 
were madt' from 4 plants of each variety, selected at random (Table 2) . 


T'AUT^E 2. — 'fatal mm'ber of healthy and diseased leaflets, as well as the numher of 
blael'-spot Irst^ois 

(Figures are averages per plant) 


Variety 

Healthy leaflets 

Leaflets showing 
lesions 

Total number of 
lesions 

Holiftinn Withroio F-f 




Briareliff 

287 

131 

590 

Bett<‘r Tiim‘8 

352 

136 

612 

Johanna Ilill 

293 

19a 

885 

Ellen 

382 

185 

710 

Hollywood * 

294 

158 

647 

Solution Mader 




Briar cliff 

373 

29 

51 

Better Times 

441 

22 

41 

Johanna Hill 

354 

53 

86 

Ellen 

517 

29 

54 

Hollywood 

371 

24 

53 


The difference in the number of diseased leaflets and black-spot lesions for 
the 2 sets of plants are striking. For some reason not yet clearly understood, 
the per cent of infection on the leaflets of the Mader plants was considerably 
lower. ■ 

It was noted that the black-spot lesions on the Withrow-solution plants 
exhibited a different pattern from those of the Mader plants. They were 
grayish, and their radiating margins gave them a feathery appearance. 
After a certain length of time they became more or less circular, black 
(necrotic) lesions, ranging from 1 to 2 cm. in diameter. Only a few lesions 
of this type could be found on the Mader plants, most of the lesions being 
small, well-defined, eircular black spots. Some of these appeared like mere 
pin points. These lesions, particularly the small ones, suggest that infection 
occurred, but the progress of the disease was soon checked by the physio- 
logical state of the plants. Probably some of the smaller lesions were over- 
looked in the counts, hence the apparent difference in the number of lesions 
recorded on the two sets of plants. 

Due to the nature of the experiment, no definite conclusions can be drawn 
as to the effect of mineral nutrition on the resistance-susceptibility of roses 
to black-spot. The results obtained are only suggestive. Although black- 
spot infection was incidental, the difference in its severity in the two sets of 
plants was striking. Plants with a tendency to bullhead formation, and 
exhibiting the most vigorous growth, together with the highest production 
of flowers, had the least black-spot (solution Mader Kr-1). These findings 
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confirm those of Gregory who states “that many rose growers in Indiana 
believe that keeping the plant growing vigorously and steadily by the use 
of fertilizer and copious watering is an important factor in black-spot 
control.’’ 

Apparently a solution like Withrow’s if used under conditions 
similar to those under which these experiments were conducted, helps to 
determine why the resistance of the plant is not being built up. 

As nutrient solutions in gravel culture units are kept in a closed system 
for 3 to 4 weeks, and as there is an unequal absorption of the nutrients by 
the plant, the remaining salts and their combinations probably influence 
its physiological balance, which in turn governs the intake of ions and thus 
influences the type of plant growth. This assumption is supported by 
analyses of the two sets of plants. Differences in protein composition, as 
well as rate of formation, are indicated (incomplete data). It is suggested 
that the difference in the reaction of the rose to black-spot will be deter- 
mined by the ability of the plant to obtain from the solution the necessary 
nutrients. 


THE EFFECT OP MINERAL NUTRITION ON OUTDOOR ROSES 

The question naturally arises as to whether or not it is possible to extend 
the findings of the greenhouse studies to outdoor roses, particularly in 
regard to mineral nutrition and control of black-spot. 

In the spring of 1942 a trial experiment on feeding outdoor roses entirely 
with inorganic salts was conducted. The garden is located at Doylestowm, 
Ohio, and a description of its site was given by Massey.^ The soil com- 
prising the rose beds was a tile-drained mixture of one-half subsoil (loam) 
and one-half field soil (sandy loam). In the spring of 1942, 540 plants of 
the varieties Briareliff, Johanna Hill, Better Times, Pink Delight, Yellow 
Gloria and Chieftan were set out. 


The Outdoor Rose Solution 

Shortly after the indoor black-spot studies (1938-1939), the solution 
Mader R— 1 was modified. Additional rose-nutrition experiments (unpub- 
lished) showed that by reducing the total nitrogen, particularly NH4NO3 
in the solution, bullhead formation dropped and the total flower produc- 
tion increased. Unavailability of Ca(N 03)2 made it necessary to change 
to KNO3 as the main source of nitrogen. The composition of the solution 
is as follows: 

Mader 

Salts KNOa 0aH4(PO.)s-H2O OaSO* (NH,)2SO, MgSO.-7H.O 

Hunty of salts 95 per cent Monsanto 95 per cent 

Millimolar con- 
centration 15.5 2.0 3.5 1.4 3.5 

Pood 173^ 17 ’56-57' 193 Maek-spot of roses. Better Crops v-itli Plant 

ooa influenced by garden site. Amer. Bose Magazine 4: 

iiif 0—^94:. 1942. 
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Tiie same coiieentration was used for feeding outdoor roses, but instead 
of using 100 gallons of such solution for 66 square feet bench space, as for 
indoor roses, 100 gallons were applied to 528 square feet of outdoor bed 
space. By fcdlowing this procedure, approximately the'same nutrient level 
was inaiiitained for outdoor roses in soil as for indoor roses in gravel. The 
feeding of outdoor roses was bi-weekly until August 1, 1942, followed by 
monthly feeding until September 30, 1942. No oi^ganic material or humus 
was addiTl to the soil in this experiment. Water was supplied when neces- 
sary by flooding the beds. 

Although the weather of the 1942 season favored black-spot, it was ob- 
served that roses under treatment remained practically free. In frequent 
examinations the 540 plants showed only 157 leaves infected with black-spot. 
The lesions revealed the same characteristic patterns as those described for 
indoor plants under solution treatment Mader E-l, that is, they had well- 
defined margins, were small, and soon turned black. Undoubtedly the selec- 
tion of a garden site having a lower dew point than its surrounding area 
was a factor in keeping the infection low. The type of lesions present indi- 
cated that the solution used must have been responsible to some extent for 
the increased resistance to black-spot fungus. The roses in this outdoor 
experiment exhibited an excellent vigorous growth and were prolific in 
flower production. Further tests are needed to differentiate between the 
effect of garden sites and mineral nutrition on the control of black-spot. 

SUMMARY 

Data here presented indicate that rose plants, fed with nutrient solu- 
tions of various compositions, responded differently to black-spot infections. 

Plants with a penchant for bullhead formation and exhibiting the most 
vigorous growth, together with the highest flower production, had the least 
black-spot; whereas plants tending toward blindness, together with the 
lowest flower production, showed the most. There is an apparent difference 
in pattern of black-spot lesion. Those on the leaves of the former plants 
were smaller, well-defined circular black spots, while those of the latter were 
larger, bore radiating margins (giving them a feathery appearance), gray- 
ish, and turning black only after a certain length of time. 

An attempt was made to extend the findings of the greenhouse studies 
to outdoor roses, particularly in regard to mineral nutrition and control 
of black-spot. 

B. D. 1, Doylbstown, Ohio. 


EEADIGANT ACTION OP FUNGICIDES ON SPORES ON 
LIVING PLANTS 

E. M. Stoddardi and J. W . H e u b e r g e b 2 
(Accepted for publication April ^5, 1943) 

INTRODUCTION 


Metliods of plant disease control by fungicides have been designed here- 
tofore to protect plants against fungous infection by applying a deposit of 
fungicide to the plant surfaces before spores are present. The resulting 
control has been considered to be a measure of the protective value of the 
material. 

In the designing of control methods on living plants little attention has 
been paid to evaluating the effect of fungicides on the spores of fungi that 
are present when the fungicide applications are made. 

The present study is not a test of fungicides as such but concerns itself 
only with the eradicant action of fungicides on fungus spores present on 
living plants and the measurement of this action in terms of spore mortality 
and its relation to subsequent control of the fungus. For the purposes of 
this paper the term eradicant refers to that action of a fungicide that renders 
fungus spores inactive and inhibits their germination in the infection court, 
so that they are incapable of producing infection. 

A review of the literature on disease control by fungicides showed a 
wide range of reports on the eradicant action of fungicides on disease 
organisms; the majority of the reports deal with apple scab and seed treat- 
ment. Prom the literature it is evident that the eradicant action of fungi- 
cides has long been recognized, and in some control programs has been put 
to good use. The literature reports, for the purposes of this review, will 
be confined to those dealing with apple scab in the eonidial stage in an 
active state. 


Apple Seal, In 1922 Doran® reported that conidia of Tenturia inae- 
qualis are killed when they are hit by fresh lime-sulphur, but that this anti- 
septic action of lime-sulphur is not lasting, since the character of the fungi- 
cide changes on weathering. Hamilton^ reported in 1932 that sprays 
containing liquid lime-sulphur may have a very considerable immediate 
fungicidal effect at the time of application, before the spray becomes dried 
and decomposed, which the wettable sulphurs do not have. Later, regarding 
scab control, Hamilton® classified spray materials on the market as those 

1 Plant Pathologist, Dept. Plant Pathology and Botany, Connecticut Agricultural 

Experiment Station. ' f 

2 Plant Pathologist, Crop Protection Institute, in cooperation with the Connecticut 
Agricultural Experiment Station. 

3 Doran, W. L. Laboratory studies of the toxicity of some sulphur fungicides. N. 

E. Agr. Exp. Stat. Tech. Bull. 19. 1929. ' ^ 

^Hamlton, J. M. Eecent investigations on the control of apple scab in the Hudson 
Valley. N. Y. (Geneva) Agr. Exp. Stat. BuU. 604. 1935. 

.TV Studies on apple scab: and spray materials for its control in the 

Hudson Valley. N. Y. (Geneva) Agr. Exp. Stat. Tech. Bull. 227. 1935. 
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that are both protective and eradieative, such as lime-snlphnr and, to a 
lesser extent, dry lime-siilphur, and those that are generally merely pro- 
tective, such as wettable sulphurs, sulphur dusts, and copper sprays. 

METHODS AND MATERIALS 

The general method was to spray the fungicide on infected plants, take 
spoies fioin the sprayed lesions, determine the spore mortality and relate 
these nioitalit\ data to control. Spore mortality was determined from the 
percentage that tailed to germinate when removed in a large volume of 
water. ^ The spores may not be killed, only inhibited, and all the adhering 
fungicide probably did not come off in the water. However, from the 
standpoint of preventing infection, it matters little whether the spore was 
inactivated before or after it was washed or splashed to a new locality. 
Uromyces caryophylims on carnation and Yenhtria inaeqmlis on apple 
were the fungi and plants used in this experiment. 

Various organic and inorganic fungicides were used. The organic 
materials were tetrachloro-para-benzoquinone (Spergon), tetramethyl thi- 
uram disulphide® (Japanese Beetle Spray), ferric dimethyl dithiocarbamate 
(Permate), mercaptobenzothiazole (Cap tax), and dinitro-o-eresol dye 
(Elgetol). The inorganic materials were liquid lime-sulphur, wettable 
sulphur (Mike), copper oxychloride (Compound A), yellow cuprous oxide 
(Yellow Cuproeide), and Bordeaux mixture. 

Carnation Rust 

Greenhouse Spraying, Various materials were sprayed on infected 
plants in a commercial greenhouse to measure their eradicant effect on the 
spores present. Pour applications were made: Jan. 29, Peb. 6, 20, and 
March 18. The viability of the spores on sprayed leaves was determined 
at various times during the course of ‘ the experiment. Spore suspensions 


TABLE 1. — MraMcant effect of various spray materials on the urediospores of car- 
nation rust and on the control of new leaf infections 


Material 

Per cent 
concentration 

Per cent spore germination 

New inf ectionsb 

2 hr. 

17 days 

35 days® 

35 days 

Check 


60 

75 

63 

20.6 

TMTD 

0.25 

0 

0 

6 

0.9 

Spergon ' 

0.25 

18 

11 

8 

1.7 

Eermate 

0.25 

0 

23 

22 

1.8 

Yellow Cuproeide 

0.25 

16 

43 


7.8 

Captax 

0.25 

37 

69 

62 

6.4 

Mike Sulphur 

0.75 

52 

61 

61 

6.1 


a Time of interval after fourth spray application. 

Above the level of infection when spraying started. 1000 leaves counted. 


6 Hereinafter designated as TMTD, for brevity. 
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for germination studies were prepared as follows: 30 leaves of comparable 
age were taken from the plants in each treatment; spores were then taken 
from pustules of comparable size on each of the 30 leaves for each treatment, 
the final concentration of spores in double-distilled water was adjusted to 
5000 to 1 ce. ; drops of the spore suspensions were placed on glass slides, 
and incubated in moist chambers at 20° C, over night; germination counts 
were then made, counting 600 spores for each treatment (Table 1). 

Thirty-five days after the last spray application, counts were made on 
the number of infected leaves in each treatment above the level of infection 
when spraying began (Table 1). 

The data on spore germination in table 1 give a measure of the direct 
action of the fungicides on the spores and show also that there is a direct 
relation between mortality of the spores and amount of new infection. 

Apple Scab 

A field test was made to determine the eradicant action of various fungi- 
cides on the conidia of Venturia inaequalis^ and to measure the action in 
terms of control. This test was made in such a manner that the eradicant 
action as measured by spore inhibition could be related to amount of infec- 
tion on new leaves produced after spraying was done. 

Late in April, over-wintered apple leaves were placed under young 
(2-year-old) McIntosh trees. Ascospore discharge occurred on May 15, 16. 
No further ascospore discharge occurred and scab lesions appeared on the 
leaves by May 27. The infections were allowed to develop unchecked for 9 
days. On June 5 the trees were sprayed with various fungicides, using 2 
dosages of each material to give varying levels of spore inhibition. Each 
dosage was applied to 4 replicated blocks of 5 trees each. On June 16, 11 
days after spraying, the effect of the fungicides on mortality of the conidia 
was determined. 

Pour sprayed infected leaves were collected from each of the 5 trees in 
the 4 replicate blocks, making a total of 80 leaves for each dosage, from which 
40 leaves were selected at random for the working sample. A -fV-iuch disc 
was cut out of a scab lesion on each of the 40 leaves and these discs were 
shaken in distilled water to make a spore suspension, drops of which were 
incubated on glass slides for 48 hours at room temperature, after which 
germination counts were made (Table 2). 

A record was made on July 21 (46 days after spraying) of the amount 
and severity of infection on the new leaves produced after spraying was 
done (Table 2). The new leaves were separated into 2 groups: those on 
side and those on top branches. This was done to determine if the possible 
washing by rain of spray materials from the sprayed leaves onto the un- 
sprayed leaves had any significant effect on the amount of scab on the 
iinsprayed leaves. 

Table 2 shows that the data on infection of new leaves on both side and 
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top branches were in general agreement with the data on spore inhibition; 
the trees sprayed with materials causing the highest spore mortality had 
the least amount of infection on the new growth. The data show also that 
tliert' was more infection on the new leaves on the side branches than on 
tlie tops of the trees, whatever the materials used. From this it is concluded 
that wasliing of spray by rain onto unsprayed foliage had very little if any 
effect on control, and that the amount of infection on unsprayed leaves is a 
direct measure of the eradieant value of the sprays as no protective action 
was possible. 


‘2 . — 'Effect of various fungicides on the germination of apple scab conidia 
and an the amount and severity of scab infection on new leaves produced after spraying 



Coucen- 

Spore^ 

germi- 

Infection on new leaves^ 

Side branekes 

Top branches 


t ration 

nation 

Leaves 

scabby 

Severity 

Leaves 

scabby 

Severity 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Cheek 


64.0 

74.8 

41.0 

30.2 

11.1 

TMT.D 

0.2500 

1.5 

48.0 

21.0 

19.0 

6.8 


0.0625 

2.0 

56.5 

27.5 

18.5 

6.0 

Spergon 

0.2500 

16.0 

61.2 

27.5 

21.5 

7.3 

0.0625 

66.0 

67.2 

39.5 

27.0 

11.3 

Femate 

0.2500 

0.0 

39.8 

18.4 

15.3 

4.3 

0.0625 

0.0 

56.1 

24.0 

19.7 

5.9 

Mike Sulpkiir ■ 

0.2500 

2.5 

58.0 

23.8 

20.5 

7.0 

0.0625 

46.0 

75.5 

31.8 

36.5 

11.4 

Idine-sulpliur 

0.2500 

29.5 

56.7 

26.0 

15.5 

4.9 

0.0625 

57.0 

77.0 

24.8 

25.4 

8.8 

Yellow Cuproeide 

0.2500 

0.0625 

0.0 

0.0 

16.0 

17.5 

3.5 

6.3 

7.5 

8.0 

1.9 

2.6 

Elgetol 

0.2500 

19.0 

64.9 

33.3 

28.7 

8.9 


0.0625 

74.0 

69.0 

20.3 

32.3 

10.9 


a Materials applied on J une 5. 
nil days after spraying. 

46 days after spraying. 


The material that gave the best results, Yellow Cuproeide, was also the 
most injurious to the foliage ; but, as we were not interested in the fungicide 
as such, the injury is not considered important in this experiment. 

It should be mentioned here that in this experiment the materials were 
all used at the same percentage concentrations. For this reason lime- 
sulphur and Mike Sulphur were used at strengths below those recommended 
for use in the field. Despite this, both materials still had considerable 

ei*adieant action at the concentrations used. 

DISCUSSION 

These experiments have demonstrated the eradieant action of fungicides 
on spores and sporulating hyphae of fungi on living plants and have pro- 
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vided teehniques for measuring such, action. The apple-scab experiment was 
so designed as to eliminate the influence of protective action on the results. 

The carnation-rust experiments provide a yardstick for measuring 
eradicant action on the spores themselves and on sporulating hyphae. It 
will be noted that the most effective materials inhibited approximately the 
same proportion of spores in the population at the end of 35 days as at the 
end of 2 hours. This indicates an eradicant action on the spore-producing 
hyphae themselves. If they had continued actively to produce new spores 
the percentage of viable spores should have increased in time. The demon- 
stration of this latter action gives a measure of eradicant action not obtained 
by laboratory techniques. The relation between spore mortality and control 
is strikingly close, even though eradicant and protective values are not 
clearly separated in this experiment. 

The apple-scab experiment provides 2 measures of the eradicant action 
of the materials on the spores : 1. Spore inhibition and 2. Prevention of new 
infection on unsprayed tissue. The latter was accomplished by taking the 
data on control from leaves that grew after the spraying and, consequently, 
had no protective spray. Inasmuch as the spread of conidia of Yenturia 
inaequalis is very limited, being confined essentially to the individual tree, 
infection on the new leaves must of necessity be caused by spores produced 
on that same tree. It will be noted that high spore mortality resulted in 
less scab on the new foliage on both top and side branches. The difference 
in amount of infection on the unsprayed leaves of top and side branches 
further corroborates the effect of eradicant action of the materials used. 
It has been thought that a fungicide sprayed onto tree foliage may be 
redistributed by rain to uncovered leaves and thus prevent their infection. 
If so the redistribution would be expected to be more outward and down- 
ward than upward. Hence, the lower and outer branches would be better 
proteeted than the upper branches and, consequently, less heavily infected, 
but they were not; in fact, the reverse was true. This indicates that the 
spores were splashed outward and downward more effectively than the 
fungicide and, hence, the increase of infection on the lower and side 
-branches. If redistribution of the fungicides were indeed a factor in the 
results of this experiment, it would also be expected that the materials with 
the highest coefficient of tenacity would give the least control because they 
would be splashed around least, but if we compare Yellow Cuprocide with 
a tenacity coefficient of 0.834 and Mike Sulphur with a tenacity coefficient 
of 0.35, it is found that the reverse is true; and that the fungicide with the 
highest tenacity coefficient gave the best control. From these facts we 
must conclude that on the unsprayed foliage in this experiment the redistri- 
bution of fungicides was not a factor in the control of apple scab, and the 
amount of infection on the unsprayed foliage is related to the eradicant 
action of the fungicides on the conidia of apple scab present on the foliage 
at the time of spraying. 
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SUMMARY 

It is shown that a range of fungicides of varied chemical compositions 
(copper, sulphur, organic) have an eradieant action on the spores of fungi 
present on living plants when spray applications are made. 

The experiments show that control of plant diseases on living plants by 
fungicides is due to their eradicative action on the fungi present on the 
plant, as well as their protective value to the plant. 

Techniques are described for measuring the eradieant action of fungi- 
cides in terms of spore mortality and control. 

Department op Plant Pathology and Botany, 

Connecticut Agricultural Experiment Station, 

New Haven, Conn. 


A GRAFT TRANSMISSIBLE MOSAIC OF AMERICAN ELM 

E- IT. Swingle ,1 P. E. Tilford,2 and C. P.Irishs 
(Accepted for publication May 31, 1943) 

A disease of American elm {JJlmus americana L.)? I'esembling a virosis 
of the mosaic type and sometimes producing a mild to moderate brooming 
of branches, was observed in the vicinity of Cleveland, Ohio, in 1927 and 
was described briefly in 1941.^ 

Since 1927, scattered American elms, showing symptoms somewhat simi- 
lar to those on the Cleveland trees, have been found throughout a large 
portion of Ohio and in parts of Kentucky, Michigan, and New Jersey. How- 
ever, in all of these locations but few diseased trees have been observed. 

Symptoms of the disease vary and often occur first on the leaves of a 
single branch, but eventually the entire crown may become affected. 
Usually some leaves are normal in size, color, and texture, but others, of the 
same tree or on the same branch, may be abnormally large and dark-green 
or small, stiff, mottled, and distorted. The smaller leaves usually develop a 
distinct yellow-green mottle, sometimes accompanied by rugosity ; but dif- 
fused, yellow mottling, especially along the midribs, also may occur (Pig. 1) . 
In a few cases yellow or chlorotic ring-spot symptoms have been observed 
on leaves of normal size. 

In advanced stages of elm mosaic some leaf buds may fail to expand, 
leaving the branches bare of foliage for considerable distances. This gives 
the tree the appearance of having its leaves in bunches or tufts (Pig. 2). 
Many times this characteristic makes it possible to detect elm mosaic sus- 
pects from a distance. Mild to moderate brooming of branches may or may 
not be associated with either the yellow-green or diffuse-type mottle (Pig. 3) . 

No discoloration of bark or wood is produced by elm mosaic, but they 
frequently are dry, and separate from each other with difficulty. The wood 
is often brittle. 

None of the trees under our observation has been killed by elm mosaic. 
In some cases there has been a gradual decline in vigor and some branches 
have died, causing the tree to become unsightly and making its removal 
necessary. 

TRANSMISSION 

In June, 1939, roots, bark patches, and branches from 3 elms in Cleve- 
land, Ohio, which had shown mosaic symptoms for a number of years, were 
grafted to healthy American elms in a nursery at Wooster, Ohio. Leaf 

1 Agent, Division of Eorest Pathology, Bureau of Plant Industry, Soils, and Agri- 
cultural Engineering, Agricultural Eesearch Administration, U. S. Department of Agri- 
culture, Columbus, Ohio. 

2 Associate Pathologist, Ohio Agricultural Experiment Station, Wooster, Ohio. 

3 Arborist, The Charles P. Irish Company, Cleveland, Ohio. 

4 Swingle, E. U., P. E. Tilford, and Charles E. Irish. A transmissible mosaic of 
American elm. (Abstract) Phytopath. 31: 22. 1941. 
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Fig. 1. A to F. Foliar mottling and distortion produced by elm mosaic, 
healthy American elm leaf. 
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inoculations were attempted, using expressed sap from diseased leaves with 
carborundum as an abrasive. The results obtained are given in table 1. 

In 1940, bark patches and buds from some of the trees successfully inocu- 



Fig. 2. An American elm affected by mosaic. Many buds fail to expand nroduc 

ing symptoms of bunched and sparse foliage. ^ > P 

lated in 1939 were transferred to healthy trees in an attempt to retransmil 
the disease. Five of 6 trees grafted with diseased bark patches and 4 of 6 
budded trees developed typical mosaic symptoms the following year. 
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OUior iiKH'ulatiou experiments, initiated in 1940 and 1941, involved 
j-ra i't in,<r over 300 healthy American elms with branch, trunk, and root mate- 
rial from elms with mosaic symptoms, growing in Kentucky, New Jersey, 


TABi^E 1. — Transmissio7i experiments, 1939 


Method 

No. of 
trees 

No. of trees 
making graft 
union 

No. of trees 
showing mosaic 
symptoms 

1940 

1941 

Hoot splice grafts 

6 

5 

0 

0 

Bark ])atch grafts 

. 22 

20 

19 

20 

Branch splice grafts 

12 

0 

0 ! 

0 

Leaf inoculations with expressed sap 





using carborundum 

4 


0 

0 

CiH'cks—graf ted with liark patches 





from healthy elms 

■i 

3 

3 

0 

0 



Fig. 3. Brooming of branches is frequently associated with elm mosaic. Some lat- 
erals of the broom are dead. 

and several localities of Ohio. So far, none of the trees grafted with root 
material has developed mosaic symptoms, even though, in most cases, union 
between stock and scion has occurred. Mosaic symptoms have been pro- 
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dHced consistently, however, by budding and patch grafting with trunk and 
braneh material. Usually, the symptoms produced have been of the yellow- 
green-mottle type, although diffuse mottle and yellow or chlorotic ring spot 
symptoms developed occasionally. One of the grafted trees has produced 
brooms. 

How elm mosaic is transmitted under field conditions is not known, but 
there appears to be some natural spread. In Cleveland and vicinity, where 
mosaic elms have been under observation since 1927, apparent transmission 
has been slight. In some instances, healthy trees adjacent to diseased ones, 
sometimes with their branches intermingling, have remained healthy. In 
other instances, healthy trees growing near diseased ones have developed 
mosaic symptoms after a few years. 

At Chillicothe, Ohio, 1 mosaic elm was found in 1938 in a group of trees 
growing in a cemetery. In 1941, 6 additional elms nearby developed typical 
mosaic symptoms. Later, some of these trees also developed symptoms of 
elm-phloem necrosis® and died soon thereafter. 

A few other trees affected by both elm mosaic and elm-phloem necrosis 
have been found during investigations of the latter disease. In some of 
these trees, symptoms of phloem necrosis only were evident, but upon graft- 
ing healthy trees with bark patches from them, symptoms of both elm mosaic 
and phloem necrosis were obtained. 

CONTROL 

No control measures for elm mosaic are known. A number of diseased 
trees have been fertilized over 2- and 3-year periods by the Aero-Fertil 
Method, using a 10-6-4 fertilizer. None of the fertilized diseased trees has 
shown evidence of increased vigor. They have continued to decline, and 
symptoms of bunched and sparse foliage have been retained. 

During the past 15 years several attempts have been made to control the 
disease in trees showing initial symptoms on a few branches by removing the 
branches bearing mottled foliage. In all of these cases, however, symptoms 
have continued to develop on the leaves of the remaining branches. 

CONCLUSION 

A disease of American elm (Ulmus americana), producing mottled 
foliage and sometimes brooming of branches, has been transmitted by graft- 
ing. It has been concluded from symptom and transmission studies that 
the causal agency is a virus. Means of spread under field conditions and 
control measures for elm mosaic are not known. 

5 Swingle, Boger U. Phloem necrosis, a virus disease of the American elm. IT. S. 
Dept. Agr. Cir. 640. 8 pp. 1942. 


A HITHERTO UNREPOETBD DISEASE OP THE 
WASHINGTON PALM 

L E 0 P I N . 

(Accepted for publication May 12, 1943) 

A previously uiireported disease of the Washington palm (Washingtonia 
fiUfcra Wendl.) was first noticed on the campus of the University of Arizona 
in the late fall of 1942. Investigation disclosed that the malady was widely 
distributed throughout the city of Tucson. Beyond that, its prevalence 
is not known. 

SYMPTOMS 

The first symptom of the disease is a pin-head sized or even smaller, 
water-soaked spot (Fig. 1, B, a) between the veins of the leaf blade or on 
the petiole. On the blade the water-soaked area gradually enlarges to form 
a lesion (Fig. 1, B, i) from 10 to 15 mm. in length, parallel to and between 
the veins. As the lesion increases in length the middle portion dries 
(Fig. 1, By 1) leaving a progressive water-soaked margin of 3 to 5 mm. at 
each end. Transverse growth of the lesion is very slight and it seldom 
crosses a vein (Fig. 1, C, c, d). On the petiole, lesions (Fig. 1, A) are 
roughly circular and usually retain that form. The fusion or numerous 
lesions may constitute one large diseased area (Pig. 1, F) covering most of 
the upper surface of the petiole. 

The natural color^ of the leaf of WasMngtonia filifera varies from cedar- 
green to calla-green. An infected leaf may vary from the normal color to 
a yellowish oil-green or an oil-green. The oil-yellow-green of the young 
water-soaked spots does not conspicuously stand out against the normal 
green of the leaf. As the lesion increases in size the water-soaked part 
changes to dark-ivy-green and the drying internal portion becomes olive- 
buff to fire-clay colored surrounded with the dark-ivy-green, water-soaked 
tissue. Eventually, on complete drying out of the lesion, the tissue takes 
on an olive-buff to deep-olive-buff color. The changes that take place in 
the lesions on the petiole parallel those in lesions of the blade, although the 
final stage of infection may here present a somewhat darker shade. 

Economically, the leaf-spot disease of Washington palm is important 
only to the extent to which the spots may detract from the ornamental 
appearance of the leaves. The infection appears incapable of killing an 
entire leaf. Since the most extensive infection is limited to the older leaves 
of the palm, the diseased parts may be mostly removed in seasonal pruning. 

1 The author gratefully acknowledges the assistance and criticisms of Dr. J . G. Brown, 
Professor of Plant Pathology, and of Mrs. Alice Boyle, Eesearch Assistant, during the 
progress of the work. His thanks also are due to Dr. E. B. Streets, Associate Professor of 
Plant Pathology, who made the photomicrogi'aphs used in this paper. 

2 All colors mentioned in this paper refer to Color Standards and Nomenclature 
by Ridgway. 
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i IG. 1. A. Section of petiole with water-soaked lesions. J5, Pieces of three lobes of 
leaf -blade showing progressive stages of lesions : a, numerous early stages of infection ; 
O 3 lesions elongated between veins of leaf; the older ones with internally dry and necrotic 
tissues. 0. Parts of lobes of blade with advanced linear lesions; c. fusion of lesions; 
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ISOLATION OP THE CAUSE 


Small sections of tissues containing water-soaked areas were cut from 
infected leaves, dipped in mercuric chloride, 1 : 1000, for 15 to 30 seconds, 
and placed on P.D.A., pH 7.0. On the plates appeared 4 different types of 
colonies, of which 3 were, respectively, a Gram-positive bacillus, a smaller 
Gram-positive rod, and a yeast. The fourth type of colony, present in 
the majority of eases and that appeared in almost pure culture, was a small 
Gram-iiegative rod. Because the last showed greater probability of being 
the primary causal organism, it was selected for study. Poured plates of 
crystal-violet agar (1 ce. of 1:1000 crystal violet in aqueous solution per 
j)late of P.D. A.) gave pure cultures of the bacterium. 

The isolated organism in pure culture was inoculated into campus palms 
that appeared to be free from infection, by spraying the inoculum oh the 
under side of the leaf blade and also by the needle method in both petiole 
and blade. Seven days later inoculations of both series had taken, small 
water-soaked lesions appearing at the base of the angles formed by the 
Junction of the lobes with the petiole and around needle punctures. That 
these artificial infections did not progress so rapidly as the natural ones was 
attributed to the fact that the inoculations were made in late spring, a period 
in which little or no natural infection has been found. Re-isolations made 
from the lesions resulting from inoculations gave, with few exceptions, a 
pure colony of a bacterium identical in appearance with that used in the 
inoculum Phvsiological tests of the bacterium gave results that corre- 
sponded precisely with those of the organism isolated from the natural 

lesions. 

DESCRIPTION OP THE BACTERIUM 


The cause of the leaf 

ril 69 u oeemring''!iily or in chaijis of 3-4, forming entire-margined, smooth- 
l.bl ^ X U.oy [i, ° +A f»rA 5 iTn-polored butyrous, circular colonies to 2 

surfaced, convex, glistening, e t ^ filiform colonies on slants of the same 

mm. in diameter (P.D.A., iu aays, yj.j o T D P of 47-48° C rhouillon 

medium. ^‘‘tn-XI^Ssing 

10 min.) is gelatine-liqi^itying, n _ aumunts* in Wlk it is non-curdling, peptizing, 
reducing, and produces m very ^ da^s It gives an aeid^reaction to 

and imparts a green color to hours- to galactose and xylose in 48 hours; no acid 

glucose, fructose, ^ mannitol d-sorhitol, glycerine, saliein, and rafflnose 

in sucrose, lactose, cellibiose, maltose,^ man any of tte above carbon sources. For 


EFFECT ON HOST 

The conditions that seem to be most snitable £or infection of the host 
„i,h the leaf-spot bacterinm ate those of perMs ».th ram and low tempe,.- 

ehyma cell from water-soaked area ^ ^^n wall. E. Disintegrating parenchyina 

toria that have invaded base of ceil througn oro^^ ^ bacteria completely 

cells from the drying area of ,hnwn in A and S have coalesced and now practically 

fijl cells. F. Lesions that started as shown 

cover the entire upper surface o± a long perioie, y, 

Polar, uniflagellate bacterium. 
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ture. Therefore, the disease occurs in late fall and winter. Upon the ap- 
pearance of drier and warmer weather, the causal bacterium becomes in- 
active and very tittle, if any, new infection follows. Prom the results 
of spraying- with bacterial suspensions and the appearance of normally 
infected leaves, it is evident that the bacterium enters the host via the 
stomata that are present in both upper and lower epidermis of the leaves. 
Infection more commonly occurs on the ventral side. Natural infection is 
present mainly on the oldex’, more horizontal leaves that hold liquid moisture 
longer than the younger vertical leaves. 

Lesions will penetrate the entire thickness of the blade of palm leaves, 
but seem to affect only shallowly the surface of the fleshy petiole; they are 
limited to the parenchyma (Pig. 1, f; E) tissue. That lesions seldom 
cross a vein in the leaf is probably due to the small amount of parenchyma 
between vein and epidermis. 

Attempted inoculations of green and semi-ripe date fruits gave no 
infection. Examination of the date palms on the campus showed various 
lesions on petioles and leaflets, but attempts at isolating the same causal 
organism occurring on WasMngtonia were negative. 

SUMMARY 

A new disease has been reported for WasMngtonia flifera. This disease, 
which affects the leaf of the palm, does not appear to be capable of killing 
the entire organ and is economically important only in so far as it alters 
the ornamental value of the leaves by spotting them. As yet the disease has 
not been observed on palms other than WasMngtonia. The name of 
Phytomonas washingtoniae has been given to the causal organism. 

Department op Plant Pathology, 

University OP Arizona, 

Tucson, Arizona. 



INHIBITION OF PHYMATOTRICHUM SCLEROTIA FORMATION 
BY SULPHUR AUTOCLAVED WITH SOIL 

A . A . D TJ N L A P 
(Accepted for publication May 18, 1943) 

111 addition to the well-known toxic effects of sulphur on fungi, small 
quantities of finely-gTound sulphur, thoroughly mixed and autoclaved with 
soil, have been found to inhibit the formation of sclerotia by the cotton 
root-rot fungus (Phymatotrichum omnivorum). Mycelial growth of the 
fungus did not appear to be affected by the sulphur treatment, although no 
thickening of the mycelial strands to form the sclerotia took place when 
about 1 part (or more) of sulphur was added to 2000 parts of air-dry soil. 
This effect of sulphur is different from the prevention of infection by P. 
omnivorum reported by Taubenhaus and Ezekiel,^ in which case an increase 
in soil acidity was caused by the oxidation of sulphur by soil organisms. 

The same type of sterile-soil culture as was used^ for obtaining sclerotia 
of Phymatotrichum omnivorum in quantity were employed in this study. 
Air-dry Houston black clay soil (about 8 per cent moisture content on an 
oven-dry basis) was passed through a 20-mesh sieve and definite amounts of 
dusting sulphur (98 per cent passing a 325-mesh screen) were added to 
weighed amounts of the soil. Different brands of dusting sulphur, with and 
without a conditioning agent, were used with like results. After thorough 
shaking in a stoppered flask, 100 g. aliquots of the sulphur-treated soil were 
placed in 250 ml. flasks. The same amount of soil with no sulphur added 
was placed in other flasks for controls. After adding definite amounts (25 
to 40 ml.) of tap water to the soil, 5 g. of sorghum seed were placed on the 
surface of the .soil and the flask plugged with cotton and sterilized at 15 lb. 
pressure for one hour. The flasks were inoculated with a pure culture of 
P. omnivorum on agar. The cultures were allowed to grow for 5 weeks at 
room temperature and the sclerotia were separated by washing the soil 
through a 40-mesh, sieve. They were then placed on filter paper for about 
an hour before weighing. 

Table 1 shows the average fresh weights (each figure represents an aver- 
age of 10 flasks) of sclerotia obtained from two series of the variously treated 
soil cultures and from the checks. At each of the soil-moisture levels, no 
sclerotia were formed when sulphur was added at the rates of 1 part per 
500 or 1000 parts of soil. Only traces of sclerotia were found at the next 
lower concentration of sulphur (1 : 2000) . At the 1 : 4000 concentrations of 
sulphur, about one-half of the normal amount of sclerotia were produced 
and at 1 : 8000 the amount of sclerotia produced was practically equal to 
that in the nontreated soil. There was little difference in the effects of the 

1 Taubenliaus, J. J., and W. IST. EzekieL Eelation of soil acidity to cotton root rot. 

Tex. Agr. Exp. Stat. Bnll. 545. 1937. , . „ i i a x 

2 Dunlap, A. A. A convenient soil-culture naethod for obtaining sclerotia of the cot- 
ton root rot fungus. Amer. Jour. Bot. 28: 945-947. 1941. 
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sulphur between the various levels of moisture. Figure 1 shows Petri-dish 
cultures of the fungus — one side of each Petri dish contained soil to which 
sulphur was added and the other side (showing sclerotia on the bottom) was 
filled with nontreated soil. 

The seeds on the surface of the sulphur-treated soil were covered with 
mycelium and completely decayed by the fungus. Mycelial strands were 
also seen growing close together over all surfaces of the treated soil, and 
hyphae were found throughout the soil mass. This condition was found to 
exist when as much as 1 part of sulphur to 65 parts of soil were used. 
Other experiments made with navy beans, corn, cowpeas, and barley as 


Fig. 1. Petri-disli cultures of Phymdtotrichum omnivorum on Houston black clay 
soil with navy beans on the soil surface for nutrient, 20 days after inoculation. T, top 
of a culture; B, the bottom of a similar culture. The soil in the left half of each culture 
was treated before autoclaving with 325-mesh sulphur at 1: 1000; the soil in the right side 
{with sclerotia) was nontreated. 

sources of nutrient gave results similar to those -with sorghum seed. Als o, 
no sclerotia were formed in a noncalcareous, slightly acid soil that was 
treated with similar quantities of sulphur and autoclaved. The addition of 
calcium carbonate to acid soils (5.4 to 6.1 pH) did not make the sulphur 
treatments with smaller amounts of sulphur any more effective. 

As compared with sulphur treatments, sclerotia formation was not pro- 
portionally decreased by the addition of dry lime-sulphur (Sherwin- 
Williams) to the dry soil, in amounts supplying sulphur in excess of 1 : 1000. 
Likewise, sodium sulphide (Merck, reagent), sodium polysulphide (fused, 
60 per cent), potassium sulphide (Merck, Tech.), and calcium sulphide 
(tJ.S.P.) did not prevent sclerotia formation when dissolved in the water 
that was added to successive layers of the air-dry soil in the culture flash 
before autoclaving. Treatment of the soil with materials containing organic 
mercury compounds (Semesan, Sanoseed) and with cuprous oxide (red 
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TABLE 1. — Effect of sulphur on formation of sclerotia in autoclaved soil cultures of 
FhymatotricliuM omnivorum with varying soil moisture 


Sulphur 

application 

Fresh weight of sclerotia per flask 

Amount of water per flask 

Average 

25 ml. 

30 ml. 

35 ml. 

40 ml. 




g- 

g- 

g- 

1:500 i 

0.0 

0.0 

0.0 

0.0 

0.0 

1 : 1000 

0.0 

0.0 

0.0 

0.0 

0.0 

1: 2000 

0.3 

0.3 

0.2 

0.1 

0.2 

1 : 4000 

1.2 

2.0 

3.0 

2.7 

2.2 

1 : 8000 

3.9 

4.6 

4.0 

3.9 

4.1 

None 

4.0 

4.6 

4.1 

. 

3.9 

4.2 


Ciiprocide), in amounts similar to the quantities of sulphur used, likewise 
failed to preveiit sclerotia formation under these conditions. 

It was apparently necessary that a finely divided sulphur be used for 
most effective inhibition of sclerotia formation and that the sulphur be 
thoroughly mixed and autoclaved with the soil. This inhibition was much 
less marked when coarse soil sulphur (16-mesh and finer) was used. This 
treatment would represent a smaller sulphur dosage because of the reduced 
amount of particle surface as compared with dusting sulphur. Placement 
of the fine sulphur on the surface of the soil without mixing in the flask did 
not inhibit sclerotia formation. Treatment of the soil with a solution of 
sulphur in carbon disulphide— allowing the carbon disulphide to evaporate 
before placing the soil in the flask— prevented sclerotia formation and this 
method required as much sulphur (for equal results) as mixing the dry 
dusting sulphur into the soil. 

The autoclaving process may have resulted in the formation of a toxic 
sulphui" material that inhibited the sclerotial stage of the fungus. Auto- 
claving appears necessary because sclerotia were formed in abundance in 
similar soihsulphur mixtures that were sterilized in a hot-air oven at 180- 
200° C. for' 5 hours, with the sterile water and seeds added later. No 
significant differences in pH were found in the Houston black cla\ soil, 
following autoclaving with the small amounts of sulphur. A toxic com- 
pound, however, apparently was not formed from the sulphur compounds 
added to the soil before autoclaving. There was a distinct odor of hydrogen 
sulphide in the soil cultures following growth of fungus, in cases where 
enough sulphur was added to prevent the formation of sclerotia. In flasks 
sealed with Parafilm after inoculation, a reduction of aerial growth of 
mycelium was noted in 1 ; 1000 sulphur-treated soil although abundant 
aerial growth was present in the 1:4000 flasks. (Pew sclerotia are formed 
in sealed flasks.^) The hydrogen sulphide was probably formed from re- 
duction of the sulphur by the fungus, as similar non-inoculated flasks showed 
no odor after 5 weeks. Wettable and colloidal sulphurs were found to 


2 Dunlap, A. A. lx. 
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lessen the rate of growth of Phymatotrichum oynnivortm in both liquid and 
agar media. In liquid cultures, small amounts of potassium or calcium 
sulphide prevented growth of the fungus entirely. 

summary 

When thoroughly mixed wuth the soil and autoclaved, one part of 325- 
mesh dusting sulphur to 1000 parts of air-dry black Houston clay soil 
resulted in complete inhibition of sclerotia formation by Phymatotrichum 
ummuorttmy with no apparent effect on mycelial growth. Only traces of 
sclerotia were formed when a sulphur : soil mixture of 1 : 2000 w^as used and 
no inhibitive effects of the sulphur were noted at 1:8000. It was neces- 
sary to use a finely-ground sulphur and to mix the sulphur thoroughl,y with 
the soil in order to prevent sclerotia formation. The inhibitive effect was 
due possibly to the formation of a toxic compound upon autoclaving. 

Texas Agricultural Experiment Station, 

College Station, Texas. . . . 


ASSOCIATION BETWEEN NEMATOSPOEA PHASBOLI 
AND THE GEEBN STINKBUG" 

J . G. Leach and Genevieve Cltjlo 
(Accepted for publication May 20, 1943) 

In 1940 Leach. (2) reviewed the literature dealing with stigniatomycosis 
and its traiisinission by various species of plant bugs. Available published 
information led him to make the following statement. ^‘The universal asso- 
ciation of species of Nematospora with the insects in such widespread regions 
of the woi'ld would suggest that the association is more than a casual one. A 
thorough study of the possible symbiotic relationships between insect and 
fungus should be made. It is significant that no satisfactory explanation 
of the method of survival of the fungi over winter has been otfered by any 
worker on the disease. The question of whether the fungus is constantly 
associated wuth the insects throughout their life history or whether they 
pick it tip from some unknown source has never been answered.’’ 

One of the most common forms of stigmatomycosis in the United States ’ 
is yeast spot of beans, caused by Nematospora phaseoli Wingard. Yeast spot 
has been studied extensively by Wingard (5) who first presented experi- 
mental proof of its transmission by the stinkbug. In regard to the method 
of transmission, Wingard (6) stated These results indicate that Nemato- 
spora is carried by the above-named insects, but whether it is carried inter- 
nally or externally remains to be determined. Nowell has attempted to 
isolate it from Dysderctis delauneyi and Nezara viridula but without success, 
and I have had the same experience with Nezara hilaris. Other yeasts and 
yeast-like fungi are very readily obtained from this insect but I have con- 
sistentl}?' failed to isolate Nematospora phaseoli I am inclined, nevertheless, 
to believe that these insects are themselves infected with the organism. The 
negative results obtained thus far are very probably due to improper 
technique.” 

Stigmatomycosis appears to occur most abundantly in the tropical and 
subtropical regions of the world, although some forms of the disease occur 
in the 'warmer regions of the temperate zones. Yeast spot of Lima beans 
is common in southeastern Virginia, but has been observed only a few times 
in West Virginia. In the summer of 1941 a study of the association of yeast 
spot and the green stinkbug was undertaken with the hope of throwing some 
additional light on the method of transmission and possible overwintering 
of the pathogen within the body of the insect vector. 

Although a fairly extensive survey of several localities in West Virginia 
was made, the disease was not found. The stinkbug (Nezara hilaris Say), 
ho\vever, was fairly prevalent on Lima beans and various noncultivated 
hosts. A careful search disclosed none of the disease, even when the insects 
were very numerous on Lima bean plants. Isolations were made from the 

1 Publislied with the approval of the Director, West Virginia Agricultural Experiment 
Station, as Scientific Paper No. 307. 
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feeding punctures of th.e brig on Lima bean pods, as well as from both in- 
ternal and external organs of the stinkbngs, both nymphs and adults, but 
these failed to yield a culture of Nematospora. Several kinds of culture 
media were used on all of which the yeast grows well. For comparison with 
these specimens some stinkbngs from southeastern Virginia collected from 
Lima bean plants affected with yeast spot were obtained through the 
courtesy of Dr. S. A. Wingard. N BwiatospoTCi was isolated readily from the 
surface of these insects but none was obtained from the internal organs 
aseptically dissected from surface-sterilized insects. 

As a further cheek on possible internal transmission, specimens of bugs, 
both nymphs and adults, were imbedded in paraffin, sectioned and stained 
with the modified Gram-Weigert method (6). A careful search did not tq- 
YQdl N emaiospora within the body of the specimens from either source. In 
certain individual insects microorganisms were present in the gastric caeca, 
but these obviously were not Nematospora. They were in all probability 
the microsymbiotes described by Glasgow (1). Efforts to grow these in arti- 
ficial culture were unsuccessful. Although they were removed aseptically 
from freshly dissected insects and plated in agar, they did not grow. 

The possibility of internal biological transmission seems unlikely when 
one considers the relative diameters of the yeast cells and the food channel 
of the insect’s mouth parts. Measurements of the food channel of adult 
insects show that it rarely exceeds 12 g in diameter, while the salivary chan- 
nel is several jj smaller. Although some of the immature vegetative cells of 
Nematospora may be smaller, the great majority of mature cells are from 
10 to 20 {j in diameter, much too large to permit ready passage. 

The absence of yeast spot in association with stinkbugs on Lima beans 
in West Virginia indicates that the association of the disease with the stink- 
bugs is not a constant one, even though the disease may depend upon the 
insect for inoculation. The failure to find Nematospora within the body of 
insects taken from plants affected with yeast spot would indicate that trans- 
mission may be entirely external and mechanical. 

Nowell (3), in his study of the internal disease of cotton bolls in the 
West Indies, reported 4 species of fungi transmitted by several species of 
bugs. All 4 of these fungi were found affecting the fruits of several species 
of plants, mostly legumes, that serve as hosts for the. insect vectors before 
they migrate to the cotton bolls. The inference from Nowell’s work seems 
to be that these weed hosts serve as sources of contamination of the bugs. 
Although Nowell reported no histological work with the bugs, he showed in 
one experiment that bugs reared on healthy plants did not transmit the 
fungi when allowed to feed on cotton bolls. Bugs from diseased plants 
transmitted the fungi readily. 

Even though Nematospora phaseoli does not survive within the body of 
hibernating adult bugs, it could possibly overwinter as resistant cells or 
spores on the external parts of the insect. It seems more likely, however, 
that the bugs become contaminated in the spring by feeding on infected 
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materiaL Underhill (4) reports that Lima beans are not the preferred host 
of the stinkbng and that they nsnally migrate to beans after feeding for 
some time on certain preferred noncnltivated plants. This possibility is 
supported by the greater prevalence of yeast spot in the regions of mild 
winters, where infected plant tissues would not be destroyed by freezing 
and where actively growing yeast cultures would more likely survive and 
be available. If the pathogen survives the winter in this way the discovery 
and elimination of the source of contamination might offer a practical means 
of contx*ol. Very little is known of the host range of Nematospora phaseoli 
in natxire. This should be determined, but it can be done effectively only in 
milder regions where the disease is more abundant than it is in West 
Virginia. ■ , , 

West Virginia Agriculturah Experiment STATION; 

MORGANTOWN; W. Va. 
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PHYTOPATHOLOGICAL NOTES 


Occurrence of the Imperfect Stage of Sclerotinia laxa on Prmius cerasiis 
in Wisconsin. — On June 18, 1941, trees of the Montmorency and Early Rich- 
mond varieties of Primus cerasus L. in a commercial orchard near Bailey 
Harbor, Door Comity, Wis., were observed to be severely alfected by a 
blossom and tw% blight (Fig. 1, A). No sporulation of any known pathogen 



Fig. 1. A. Blossom and twig blight of Early Riel 
rent season by Sclerotinia laxa. B. Early Richmond fru 
year, showing sporodoeliia (at arrows) of S. laxa develo 
Laxa on jDotato dextrose agar after three weeks at 24° C. 

was observed on the diseased parts, but plate ci 
of diseased twigs consistently yielded a fnamic 


II. The American brown-rot fiim 
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When the same trees were examined in the spring of 1942 abundant 
sporodoehia of the fungus were found. These occurred most commonly 
on the blighted fruit spurs of the preceding year (Pig. 1, B), but also on the 
remains of petioles and midribs of the leaves and persistent parts of the 
overwintered blighted blossoms, A severe local outbreak of this blossom 
and twig blight occurred in this orchard in the spring of 1942, but no sporo- 
doeliia were observed on lesions developed in the current season. However, 
ill the spring of 1943 a few sporodoehia were observed on blossoms blighted 
in tlie current year. Platings from such sporodoehia yielded Sclerotinia 
laxa. 

The fungus was isolated at will (Pig. 1, C) from internal tissues of 
blighted twigs in spring and fall. It was grown on potato dextrose agar in 
comparison with Sclerotinia fructicola (Wint.) Rehm. It was used in the 
greenhouse to inoculate blossoms and twigs ot Prunus cerams (Mont- 
morency), on which it incited symptoms characteristic of laxa. Control 
plants were not diseased. The organism was reisolated from an infected 
plant and found to have the same cultural characters as the cultures used 
for the inoculations. Reinoculation from these cultures resulted in typical 
infection. 

The Door County cherry district has not been completely surveyed for 
Sclerotinia laxa, and it is not yet possible to evaluate the danger of this 
pathogen to the Wisconsin cherry industry. Local outbreaks similar to the 
one reported have been observed in certain nearby orchards, and the fungus 
has been found in less conspicuous development in several other locations 
in the cherry district of Door County. Experiments with both eradicant 
and protectant sprays for the control of this brown-rot disease have been 
initiated. 

Sclerotinia laxa, the common brown-rot fungus of stone fruits in Europe, 
has long been known to occur in Europe and the British Isles, Manchuria 
and Japan, and along the Pacific Coast of North America.^ So far as the 
Avriters are informed, its occurrence in central or eastern North America 
has not hitherto been proved.^' ^’^—G. W. Keitt, J. Dxjain Mooee, E, C. 
Calavan, and J. R. Shay, University of Wisconsin, Madison, Wisconsin. 

Masking of Leaf Symptoms of Sour-^cherry Yellows Uj Temperaticre 
Effects.—Ylac leaf symptoms of cherry yellows,^- a virus disease, may 

2 Ezekiel, Walter N. Presence of the European brown-rot fungus in America. 

Phytopath. 15: 535-542. 1925. . . 

3 Harrison, T. H. Brown rot of fruits and associated diseases of deciduous fruit 

trees. I. Historical review, and critical remarks concerning taxonomy and nomenclature 
of the causal organisms. Jour, and Proc. Roy. Acad. N. S. Wales 67; 132-177. 1933. 

iKeitt, G. W., and 0. N. Clayton. A destructive hud- transmissible disease of sour 
cherry in Wisconsin. Phytopath. 29: 821-822. 1939. 

2 Rasmussen, E. J., and Donald Cation. A progress report on the yellow-leaf disease 
of sour cherry. Mich. State Hort. Soc. Ann. Rept. 71: 100—105. 1942. 

3 Hildebrand, E. M., G. H. Berkeley, and D. Cation. Handbook of virus diseases of 
stone fruits in North America. Mich. Agr. Exp. Stat. Misc. Pub., pp., 1942. 

4R:eitt, G. W., and C. N. Clayton. A destructive virus disease of sour cherry. 
Phytopath. 33 : 449-468. 1943. 
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vary greatly in degree of expression in different seasons or regions. The 
cause of these variations, which have been a substantial barrier to the prog- 
ress of investigations of this disease, has not been explained. The present 
paper gives a preliminary report on experiments indicating that tempera- 
ture is a sharply limiting factor in the expression of leaf symptoms of this 
disease. 

In a preliminary experiment in the spring of 1942, potted Montmoreiiey 
trees in which buds from Montmorency trees affected by yellows had been 
inserted were incubated comparatively in greenhouses in which the tem- 
peratures were approximately 16, 20, 24, and 28° C., respectively. Some 
of these trees were budded in the greenhouse in January; others had been 
brought in a dormant condition from the field, where they had been budded 
and had shown yellows symptoms. The leaf symptoms of yellows developed 
freely in the 16° house. Only one tree in the 20° house showed any symp- 
toms of the disease, and no symptoms appeared at 24 or 28°. All of the 
trees of this experiment were placed out of doors during the summer and 
early winter of 1942 and returned in December to the same greenhouses they 
had occupied in the spring. Those in the 16° house showed typical leaf 
symptoms of yellows by March 17, 1943, whereas none of those at the higher 
temperatures showed symptoms of the disease during the 1943 greenhouse 
season. 

In another experiment in the spring of 1942, potted Montmorency trees 
in the greenhouse were budded from yellows sources, carried through the 
summer and early winter out of doors, and then brought into the green- 
houses for tests on the expression of leaf symptoms. Four such trees were 
placed at each of the following temperatures : 16, 20, 24, and 28° C. Typical 
leaf symptoms of yellows developed freely on all 4 trees in the 16° house 
in the spring of 1943. No symptoms appeared on the trees incubated at 
the higher temperatures. 

On January 18, 1943, dormant buds from a Montmorency tree affected 
by yellows were inserted in dormant Montmorency nursery trees that had 
recently been potted in the greenhouse. Three of these budded trees were 
incubated at each of the following greenhouse temperatures: 16, 20, 24, and 
28° 0. On March 17, two of the trees at 16°, and none of the others, showed 
leaf symptoms of yellows. None of the other trees developed symptoms of 
yellows during the greenhouse season of 1943. 

Because of the indications in the preliminary experiment of 1942 that 
16° C. is a favorable temperature for development of the leaf symptoms of 
yellows, a greenhouse in which most of the experimentar potted trees were 
carried in 1943 was held at comparatively low temperature. At night the 
temperature varied from 12 to 16°, but in the middle of the day it often ran 
in the range of 24 to 28° C. On scores of sour cherry trees incubated in this 
greenhouse, the typical leaf symptoms of yellows developed freely. 

The results thus far available indicate clearly that 16° C. is a favorable 
temperature for expression of the leaf symptoms of cherry yellow^s and that 
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these symptoms are masked at approximately constant temperatures of about 
20*^ C. or higher. Closer studies of the etfeets of diurnal fluctuations in tem- 
perature and correlations with epidemiological data remain to be made. In 
the meanwhile, the use of potted plants at suitably controlled temperatures 
in the greenhouse affords favorable opportunity for experimentation on 
many aspects of cherry yellows and on other virus diseases with which it 
may be associated. — G. W. Keitt and J. Duain Moore, University of Wis- 
consin, Madison, Wisconsin. 

A New Mosaic Disease of Beans . — ^In 1939, Michelite pea beans in two 
fields near Batavia, New York, were observed, infected with a mosaic virus 
producing symptoms that, to all appearances, were identical with those of 
the common bean mosaic. The incidence of the disease was so high that the 
two fields were not harvested. This was the first time, as far as the writers 
ai-e aware, that the Michelite had been grown in New York State, and the, 
fact that it was susceptible to the mosaic virus was surprising, since the 
variety^ had been reported to be resistant. Also, during the last few years 
many complaints have been received from growers stating that the Robust, 
the outstanding pea bean for 25 years, was beginning to exhibit large per- 
centages of plants showing mosaic symptoms. The Robust bean, shortly 
after its introduction, had been proved immune from the virus^ and had 
remained so for years. Whether or not the occurrence of this (fisease in the 
Robust was due to impurities in the stock could not be determined from 
observation. 

In 1942 a number of samples of both Robust and Michelite beans were 
obtained from as reliable sources as possible. Tests with an isolate of mosaic 
virus, obtained from a plant grown in New York State, demonstrated that 
these two varieties were 100 per cent susceptible to the virus isolate used. 
Later, 6 isolates of mosaic virus taken from diseased seedlings, 3 of which 
the seed had been grown in New York State, 1 in California, 1 in Idaho 
and 1 in the Canal Zone, were used in inoculation experiments. These iso- 
lates were maintained on Red Kidney beans that previously had been shown 
free from mosaic. The Robust and Michelite proved susceptible to 2 isolates 
of the virus from New York seed, but immune from the other 4 virus isolates. 

These results clearly demonstrate that there are 2 strains of the bean- 
mosaic virus or, at least, that there are two virus entities producing a mosaic 
disease on this plant. The symptoms produced by both are essentially those 
described for the common bean mosaic, and both viruses are seed-trans- 
mitted. Further experiments proved that the Red Kidney and the Bounti- 
ful are susceptible to the 2 viruses; that the Norida, Red Mexican 3 (Univ. 
Idaho), and Great Northern 15 (Univ. Idaho), together with the Robust 
and Michelite, are susceptible to what might be called the new strain of the 

1 Down, E. B., and J. W. Thayer. The Michelite bean. Mich. Agr. Exp. Stat. Sp. 
BuU. 295. 23 pp. 1938. . . 

sEeddick, Donald, and Yern B. Stewart. Yarieties of beans susceptible to mosaic. 
Phytopath. 8: 530-534. 1918. 



1216 


Phytopathology 


[VoL. 33 


virus, but not to the old; and that the Great Northern 1® and 59 (Univ. 
Idaho), Ashley’s wax (U.8.D.A.), Cooper’s wax (U.S.D.A.), and Refugee 5 
(U.S.D.A.) are iminune from both strains. The fact that in certain bean 
varieties there exists immunity from the virus that is infecting the pea 
beans is hopeful. Breeding work is underway to combine immunity from 
the 2 viruses in a small white type of bean of desirable characters. — B. Lorin 
Richards and Walter H. Burkholder, Department of Plant Pathology, 
Cornell University, Ithaca, New York. 

A Foliar Motile and Necrosis in Chippewa Potatoes Associaled with 
Infection hy a Strain of the Potato X Virus.— The rather obscure tuber- 
perpetuated mosaic disease described in this note could not be definitely 
identified with any known potato virus. It was first noticed in a few tuber 
units of Wisconsin-grown Chippewa potatoes in a southern test planting 
in 1939 and again in 1941. In 1942 and 1943 additional Chippewa specimens 
were obtained from a large seed planting in northern Wisconsin and in an 
early table-stock planting of the same seed in the central area. Although 
the symptoms in the field bear some resemblance to early symptoms of mild 
mosaic on varieties such as Cobbler and Triumph, they are easily distin- 
guished from it by characteristic irregular chlorotic mottle patches in the 
intercostal areas of the upper leaves of young plants and by the small scat- 
tered necrotic flecks on the older leaves. Later the irregular flecking is mani- 
fest to a slight extent in the upper leaves. Foliage symptoms vary in 
severity under both field and greenhouse conditions but are within a well- 
defined pattern range, and infected plants can be easily recognized. Lethal 
acronecrosis has not been observed under any conditions. External and 
internal stem and petiole tissues of affected plants are normal, and cells of 
the xylem, phloem, and cortex show no discoloration. Tubers are slightly 
smaller than normal but show no manifestations of infection. 

Repeated aphid {Myzits persicae Sulz. and Macrosiphum solanifolii Ash.) 
transmission tests yielded negative results. When the virus was transmitted 
mechanically to Chippewa, Sebago, Triumph, Red Warba, and Russet Bur- 
bank varieties and to first generation potato seedlings derived from seed of 
Katahdin by selfing, the first sign of infection appearing on the inoculated 
leaves in 12 to 15 days as small, irregular, scattered, necrotic lesions, which 
penetrated the thickness of the leaf. The early recognizable systemic symp- 
toms appeared as a slight, interveinal, chlorotic mottle of the younger leaves 
followed by necrotic flecking of the interveinal areas, which remained as 
isolated areas, showing no tendency to coalesce. Seedling 41956 is immune. 

Artificially inoculated Nicotiana tabacum L. (var. Connecticut Havana 
No. 38) developed especially clear, small, light-colored, concentric ring-type 
lesions on the surface of inoculated leaves followed by systemic symptoms 
consisting of discrete ring-type and irregular line- and ring-patterns. There 

3 This variety was received from R. A. Emerson. The writers do not know whether 
it is of Idaho or U.S.D.A. origin. 
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is no evidence of vein chlorosis, vein-banding or mottle in the systemically 
affected tobacco plants. The ring-spot type of lesion is displayed to best 
advantage on N. rustica. Tobacco plants, previously infected with a mottle 
strain of potato X virus, did not show the above symptoms when reinocn- 
lated with the virus from diseased Chippewa plants, indicating strongly 
that the Chippewa virus is a variant of virus X. It would appear, therefore, 
that this variety, which is highly resistant to mild mosaic and is a masked 
carrier of common strains of potato X, is subject to infection by an un- 
common strain of the latter, which causes mosaic mottle not tinlike that of 
mild mosaic on Cobbler and Triumph. In preliminary temperature studies, 
symptoms developed in affected Chippewa plants more rapidly and severely 
at 16° to 20° than at 22° to 24° C., while they were entirely suppressed at 
28*^ C. — B. H. LARSON/Wisconsin Agricultural Experiment Station, Depart- 
ment of Plant Pathology, University of Wisconsin, Madison, Wis. 



